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GEMS is an image processing instrument and GEI.SZ is the 'user friendly'
software system that controls GENS. The combination of GES and GEMSTNE can
cope with a wide variety of images. Initially, GES E was designed to deal
with the data from the American spacecraft Lameds and in particular from its
Multi-Spectral Scanner (MSS). Although many of the processes in the system have
come from experience of ba. g Landsat MSS imagery, they have been implemented
in a very general way. Thus, whereas Lardsat MSS has four spectral bands (ie
four co-incident images taken in different parts of the spectrum), the system
can cope with 20 images, ma-in it suitable for exmini data from the Landsat
Thematic Mapper (7 banAs), airborne scanner systems (11 typical), and
multitemporal images (up to 20), eto. Similarly, in LaTdsat MSS, one picture
point can have an intensity in the range from black to white, or from 0 to 255.
The system can cope with an intensity range of -32768 to 32767, making it
suitable for the eamination of data from the NOAA series of weather satellites
(0 - 1023) and radar imaging systems (eg Seasat SAR, 0 - 8191), eto. Floating
point numbers are also supported. The processes are thus very general in
design, so that current and future spacecraft imagery of all types can be
bandled, together with aircraft scanner/camera data, and also piotures from a
wide variety of terrestrial activities.

G 1.1 Introduction to the operation of GMS

GESTCNE provides easy control of ~Sby means of a 'menu' system. Rather tbAn
typing computer commands at a terminal, the user points at comands on the
television screen. Unfortunately, a finger cannot be used, but it is easy to
move a cursor, under the control of a rolling ball, to the required comamd
written on the screen and then to press a button to execute the command.
Perhaps this can best be illustrated by the following short sequence. Little
explanation of what is happening is given at this stage, but if these
instructions are followed, the user can select and display an image.

Initially, the dilay on the television screen should have the cursor
placed over the box labelled 'Choose an Image'. The 'INMUT' button is then
pressed. (See Fig 5 if the button labelling is not obvious.) A List of scenes
then appears and the user should move the rolling hall so that the cross of the
cursor lies inside the box at the start of the description of one of the scenes.
'IPUT' is then pressed and the cursor now appears over the command 'Copy an
Image'. 'INPUT' is again pressed allowing the user to copy an image into GS
from the computer. A large number of commands are now displayed, but if the
user simply presses '1P=T' until the command 'end' has been executed, then the
chosen image will be brought into GEMS and displayed on the screen. All the
complexities of the the storage of images in computers, the transfer and display
are thus transparent to the user.

Simply following these instructions will enable the user to display a
chosen image. However, to proceed further and in a wide variety of directions.
an understardin of the background of the GEMS system, the 'SE=NE software a=d
the image processing functions is required.
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The Central component of the GEMS system is the image store shown on the
left in Fig 1. A digital image is made from a large number of discrete Z -

rectangular picture elements, or pixel for short. A photograph can be
considered as a large number of successive lines where each line contalns a
large number of pixels. In each GEMS store there are 512 lines each containing
512 pixels, making a total of 262,144 pixals in one image. Later versions of
the GEMS hardware have stores which can hold 1024 lines of 1024 pixels.
GEMSTUNE also works with these versions. Tere are so many pixels that the eye
cannot see them as a collection of points, but rather as a Continuous picture.
Each one of these pixels has an intensity in the range from black to white. For
the computer, the number 0 represents black and 255 represents white so that 127
corresponds to mid-grMy.

Four of these images can be stored and any one of these can be connected
to any of the three colour guns of the television. Thus in Fig 1, insid the
box labelled 'OC L PANEL', a Connection can be made from store 1 to red,
simply by pressing a button. Tis set of three colour guns, red, green and blue
can be used to make any other colour. Thus if store 1 were connected to red and
green, the picture on the screen would be yellow. Connecting store 1 to blue as
well, would result in a black and white picture. However, before the picture is
displayed on the television, the data pass through a box labelled 'LUT'. which
enables the user to change the contrast range (see section 5.4) and to perform a
density slice (see section 5.5).

Simple menu requests to the microcomputer can copy images from the host
computer into the GEMS stores as has been demcnstrated in section 1. For
example, a landsat MSS scene might be copied so that band 4 is in store 1. baln
5 in store 2, band 6 in store 3, and hand 7 in store 4. The standard La nsat
false colour composite can then be created by pressing the buttons to connect
store 4 (ie band 7) to red, store 2 to green, and store 1 to blue. (See section
4 for more details of the control panel).
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Processing other than density slicing and contrast stretchin is done in
the host computer and the simple menu requests to the microcomputer can result
in a wide range of simple and complex processes being executed by the host
computer.

Besides the four stores, there are four 'overlay planes' that allow the
user to superimpose information on top of the picture by pressing the buttons on
the extreme left of the control panel. These overlays are used to display the
menus and classifloation results eto. (See section 4 for more details of the
control panel).

The remainder of this section may be omitted initially.

In order to consider the operation of the stores in more detail, it is
necessary to have a basic understading of binary numbers. With decimal numbers
there ten characters, namely 0,1,2,3,4,5,6,7,8,9 but in binary there are only
two, 0 and 1. When counting using decimal numbers, the characters are used in
order from 0 to 9. To proceed beyond 9 requires two characters starting at 10
and going to 99, after which three charaaters are required, eto. Similarly in
binary, after oounting from 0 to 1, a seoond character is required, starting at
10 and going to 11, after which three characters are required, eto. This
decimal and binary counting procedure is shown in Table 1, where, starting at 0,
the number 1 is added to each successive line,

Decoimal Binary

0 0
1 1
2 10
3 11
4 100
5 101

. 7 ill

8 1000
9 1001

10 1010
11 1011

98 1100010
99 1100011
100 1100100
101 1100101

254 11111110
255 11111111
256 100000000

Table I Comparison of Decimal and Binary Counting



6

Thus, to count to 255 requires 8 digits in bia~ry. This binary number is
said to have 8 'bits' (short for BInary digiTS). The GEMS system is designed to
deal with images where the range of intensity for a pixel is from black (level
0) to white (level 255). ie 8 bits are required for each intensity value. Note
that the characters in the leftmost oolumn are more important or more
significant. Thus in decimal, the numbers in the hundreds oolumn carry more
weight than the numbers in the tens column. In binary, the bit on the left is
called the 'most significant bit' or MSB and the one on the right is the 'least
significant bit" or LSB. The MSB is generally called bit 1, and the LSB, bit 8.

An electronic switch can be used to represent a single bit. A switch
which is OFF represents 0, and ON represents 1. An 8 bit number therefore needs
8 switches. A simple example of a digital image is shown in Fig 2.

0U

II

99 100 101

KSB

Small section of an image
3 lines of 3 pixels each.

Fig 2 Storage of pixels in a computer memory a
One pixel has the value 98. From Table 1, the binary equivalent of this

is 01100010. The eight switches required to hold this number are shown. Each
pixel has a similar set of eight switches and the result is that all the MSB
switches are collected in a plane, and likewise for the other seven bits. These
so-called 'bit planes' are very useful in GEMS. For example, suppose a scene
has been classified into water and non-water (see section 5.8 for details of the
classifier). Wherever there is a 'water pixel' a switch in a bit plane can be I
turned ON. Wherever there is a land pixel it can be turned OFF. This
classification result can be stored in one bit plane, therefore allowing eight
classification results to be held in one image store.
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The 'overlay planes' mentioned above are single bit planes which could
hold a classification result. The buttons on the extreme left of the control
panel allow this information to be superimposed on top of the displayed image.

Within the various chapters of GEMSTCE it will be noticed that 20 stores
axe listed and not 4. Only the top 4 labelled Dl,r,D3,D4 are real uhysical
stores in the GES bardwax-e. The others are 'virtual' stores in the host
computer memory system ad are used to, hold intermediate results,
classificatins, other extracts, other images, images with more than 4 bands
eto. s 'worklng' stores can be treated exactly as if they were real GMS
stores, the only difference being that they cannot be viewed at the press of a
b button. To display an image in a working store, it is simply copied into a
display store (see section 5.3). With a little experience, great use can be
made of these working stores. Initially it can be 1ikened to a desk on which
there are 20 photographic prints. Each one can be brought into the middle of
the desk for close emination, and put on the outside edge when not currently
needed. Thus an image can be moved quickly into one of the top 4 stores (ie the
middle of the desk) for eaination, and then put in one of the lower 16 stores

' when the xmination is complete Cie the outside of the desk). However, the
computer does not have the limitation of the human in looking at images. Thus
the human at his desk can only look at one photograph at one time, whereas the

S computer can work on all 20 images at the same time.

Tese bottom 16 stores or working stores have one extra capability.
Instead of having 8 bit planes, they have 16, enahling one to store images with
a much wider dynamic range (ie -32768 to 32767). The processes in the system
are designed to hanylle such data, ad when it is required to display such an
image, the facilities within the arithmetic package (see section 5. 10) can be
used to compress or truncate the data to 8 bits.

For operations such as Fourier transforms, even the dynamic range of a 16
bit integer number is too small. hence there is a floating point format which
can be used in the lower 16 stores. Bit 1 (the MSB) is the sign of the
mantIssa. The next eight bits (ie bits 2 to 9 inclusive) are for the exponent
giving a range of 2 to the power -127 to +128 (equivalent to 5.9 * 10 *'-39 to
3.4 * 10 4+38). The last 7 bits (bits 10 to 16 inclusive) are for the
mantissa, which is normally stored in the form ...... x, with the 7 bits after
the decimal point. As an example, the binary number 10111.01101 could be stored
as 0.0001011 * 2 "*8, but there are only four significant digits in the
mantissa. A better way to store this would be as 0.1011101 * 2 "*5, ie with the
significant digits left Justified to the decimal point. However, every number
would start with 0.1. Thus the best way to store the number is as 1.0111011 * 2
**4 and only the bits after the decimal point are stored. This effectively
provides a mantissa resolution of 8 bits plus the sign bit.



8

3 GEMSTNE CRANISATIGN
I

This section describes the general way in which GEMSTCNE operates. There
is no information in this section about what a particular command does, but it
is about how to eec.ute o.nds in general.

The first page on the screen is the 'Contents Page', and rather like a 5
book, it has a list of 'Chapter HeAdi s'. There is a cursor which can be moved
i n a rolling be'1l. If the cross of the cursor is placed inslde a box

containing a chapter heading, and the IN buttcn pressed, the chapter itself
is displayed on the screen. 1dels of GS with fixed overlay planes have a
coloured patch rather than a cursor, which is moved in eoti.1 the sae manner,
to the desired commnd. Ths operation is s1iia to opening a book and turning
the pages to the desired Chapter. Just as in a book, when the user has firIshed
with a chapter he 'returns' to the contents page and selects the next chapter.
This sequence of turning pages in a book is illustrated in Fig 3 and in the
following e~zmple.

Contents Page FITES Ch___________ apter RPedjing

/
/ _________ , t______

/" Seconary

Chpte~ Primary
Pages Co.nds

IQ=
:RETU=

!

Fig 3 Operation of the GE{S menu I

b



Suppose i. is required to perform a density sico (see section 5.5).
cursor is placed over the box containing the chapter heading 'dens±ty slice' in
the contents page and the M=1UT button is pressed. This commands the pages to
be turned to the chapter on density slici ng. The cursor appears over a set of
instructions on the left anmd side of the screen, and these are the 'Prilary
Coands'. As before, a ocmmand is executed by moving the cursor over the
required operation and pressing the IPUT button. In general, further
instructions are needed, and the cursor is automatically moved to groups of
'Seconary Coands', where the user is invited to choose from various options
and press INPUT. Text appears at the bottom of the screen to help the user
decide what information the system requires. This sequence of secondary
commands ocnt=ues until the system has enough information to do the reqared
processing.

When the process is completed, the system may return to the primary
. -' commands to await the next instruction, or it may dls:Jlay the result of the

processing. To proceed from the latter case, the user simply presses INPUT toCget back to the primary commands.

When the user wishes to perform another process not listed in the chapter,
(ie to leave or quit the chapter), the QIT button (top right of control panel.
See section 4) is pressed. This cmmand moves the cursor down to the set of
commnds at the bottom of every chapter, as shown in Fig 4.

sv= MS P REPU IM

C Fig 4 Commands at the bottom of every page

Execution of these commands is exactly the same as for all the other
commands, ie press INPUT when the command has been selected. The cross of the
cursor will appear over the 'Return' box. Simply pressing INPUT returns ther user to the contents page, where another chapter can be selected. In the
contents page 'Return' is replaced by 'Stop . which on execution causes the
program to terminate. This is only used at the end of a session since it
requires the system to be restarted from the computer terminal.

'Help' provides the user with basic information on the terminal relat ig
to the commands on the current page only.

'Status' provides the user with information on the terminal relating to
the status of the system with regc-rd to the particular comands on the current
page. Thus the status of contrast stretches only appears in the page on
contrast stretching.

'Image' simply removes the menu overlay so that the image can be seen. To
restore the menu, fUT is pressed.
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4 C PANEL

Since in designing the control panel there were two conflicting
requirements, namely, to keep a fairly simple layout and yet to provide the user
with a wide range of functions, many of the buttons have two modes. The key to
this mode omplexity is the white button labelled b in Fig 5. If the light
is on umder this switch, then the system is in mode 0. This is the initial mode
when all the buttons on the panel execute the function written on them. In mode
1, there is no light under the button.

(a) .ode 0 functions

Starting from the left hand side, the first set of buttons are labelled,
OVLY 1, OVLY 2, OVLY 3, OVLY 4, OVLY OFF. Pressing OVLY 1 will cause the first
overlay plane to be displayed on top of the image. Pressing the button again
will cause the overlay to be removed. The other three overlay planes operate in

r the same manner. The last butto in the group, OVLY OFF simply removes all
~ overlays from the image. In normal operation, it will be found that the menu

pages reside in the first overlay plane. If the GEMS model has fixed overlay
r planes, one of these will be used for the menus. GEMSTONE uses overlay planes
ri I two and three to display information to the user. It does not write into

overlay plane four, which is kept free for the user to insert text, outlines,
patches, eto which may also be used as inputs to some of the G routines.

The next set of buttons are labelled, ZOOM 8, ZCO 4, Z0C 2, ZOCOM 1, ZOOM
OFF. These buttons allow the user to enlarge part of an image by factors of 2,4
or 8. Pressing a zoom button causes that zoom factor to be applied. To change
the zoom, another zoom button can be pressed, or the zoom may be disabled by
pressing ZOOM OFF. While in the zoom condition, it is possible to 'pan' around
the image using the rolling ball. Hence the reason for a ZOOM 1 buttcn, sinceU this enables the user to pan an image with no zoom. The way in which this
function operates, for a zoom of 2, is to display a pixel from the store on two
television picture points, and duplicate the line. -imlarly for zooms of 4 and
8, where one pixel is repeated 8 times along a line and on 8 lines, makin 64
points in all. The zoomin operation is centred on the cursor cross. Thus if
the cursor is positioned on top of the area of interest in the scene, this area
will remain on the television screen when the zoom is changed. For a zoom other
than one, about 850 pixels and 580 lines can be displayed. Thus when zoomed by
2. 850 pixels out of the 1024 can be displayed and 580 'Ines out of 1024. This
amounts to about 1/2 of the image. About 12% can be seen at a zoom of 4 and
about 3% at a zoom of 8.

The next group of buttons are round the E button and they have
directional arrows on them. They are used to move the cross of the cursor by
one step in the direction of the arrow. It should be noted that when rectangles
are on the screen, they are not versions of the cursor and cannot be moved by
these buttons.
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Below this group of cursor control buttons, are two buttons, CSR CN, and
CS OFF, that allow the user to display the cursor or to remove it.

In the middle is a large black ball that rolls when pushed sideways with
the fingers. This is used to move the cursor, move rectangles, change the size
o ecagles and provide the input to many of the proesses which require user
interaction.

immedately above the black ball, is a kob which when rotated clockwise
brightens the lamps under the buttons on the control panel.

The next button labell ead IN is the one used to execute all processes in
the system. No cmmd operates until this button is pressed. It should be
noted that the button only operates when it is illminated. Thus the user is
'invited' to execute a command when it is lit.

The next group of buttons are the coloured ones labelled M- OFF, 1, 2, 3,
4. If the red '1' button is pressed, then store 1 is connected to the red gun
of the television. If green '1' and blue '1I' are also pressed, then store 1 is
connected to all three guns and a black and white picture results. Whereas one
store can be connected to more than one television gun, only one gun can be
connected to one store. So if red '1' is pressed followed by red '2', store 1
will be disconnected. The buttons M OFF allow the user to disconnect the
store from the colour gun. Note that the illumination under these buttons
in.'orzm the user which store is connected to which oolour gun.

Above the coloured switches are the final two buttons. The one on the
left labelled 'CEG', allows multiple operations of the rolling ball. For
example, if a rectangle is to be positioned inside a small Area, then it must be
moved using the rolling ball, but its size must also be changed. This button
when pressed allows the user to change the size of the rectangle. A further
press returns the user to moving the rectangle. In other words, the button is fl
cyclic. If there are three operations for the rolling ball, then t are [ ..
implemented in turn. When the contents page or the various chapter pages are
being m.i.ned, thiS button serves another purpose. The cursor will be over a
primary or second~ary command and to move to another, the rolling ball1 will
normally be used. Pressing the 'C ' button moves the cursor to the next
command in the sequence (or to the top if currently at the last command). These
two ways of moving the cursor are interchangeable and can be employed at any
time.

The last button at the top right is labelled QIT. It is used to quit or
leave a chapter (see section 3). If one makes a mistake when supplying details
for a process, pressing the QUIT button twice returns the user to the primary
commands so that a fresh start can be mae. It can only be operated when it is
lit and in particular, if the user has started execution of a process, it cannot
be stopped using this button. Care should therefore be exercised before finally
executing a command that may take a long time or may destroy some previous work.

!



(b) Mode I functions

As mentioned above mode . is operative when the light under the MCE
button is off. Mode 1 only affects the buttons on the left side of the panel.
The four overlay buttons OVLY 1, OVLY 2, OVLY 3, OVLY 4, can now be used to
change Vhe oolour of the overlay. Pressing one button several times will oause
the colour of the corresponding overlay to- change through a fixed, short
sequence of colours (white, black, red, green, yellow, blue, magenta, and cyan).
Ths is a useful facility when the background of the image is close to the
default colour of the overlay.

For the zoom buttons, even in mode 1, operation continues as in mode 0 as
long as the light under ZOOM OFF is unlit. When this button is pressed and
therefore illuminated, the user will find that if the image is already zoomed,
it stays zoomed and that the scene cannot be panned underneath the fixed cursor.
In this case 'ZCM OFF' is much more liJke 'pan off'. On returning now to mode 0
(ie light under mode button on), the rolling ball controls the cursor, which can
now be moved over the fixed, zoomed image. Pressing ZOOM OFF once more causes

C, the rolling ball to revert to controllin the pan around the image.

In the group around the M button, if the button with the arrow pointing
fl to the left is depressed, the button will be illuminated and all operations in

that direction (along -the x-axls) will be frozen. Thus if the cursor is to be
moved in this situation, it can only be moved vertically. This allows the userC.. to make precise vertical movements. If a ZOOM button is pressed now, there will
only be a zoom in the vertical direction. Similarly the button with the arrow
pointing down (towards CSR OFF/CSR ON buttons) freezes operations in theyvertical direction (or along the y-axis).

Within the 'M.assifiers, Copy Bit Plane' and 'Text and Graphics' chapters
are facilities to 'paint" an area (see sections 5.8 and 5.9). In mode 0, the
rolling ball can move the 'paint brush' around the screen and in mode 1, the
size of the brush can be varied using the rolling hall.
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5 rEAIIS OF TEOMAD

5.1 Introduction to the comands

Eachb of the following sections deals with one of the chapters shown in the
contents page illustrated in Fig 6. It is now assumed that the user can access
and quit each chapter (see section 3). For each section following, there is a
figure showing the chapter page as it appears on the screen. All the secondary
commands also appear. Qn first accessing a page on GEMS, the user may find someLof the secondary ocm.ands missing. They will appear when the user initiates a
cmnd that requires them.

All the sections from 5.3 to 5.12 are 1lid out in the same style as
follows.

• ' Comand Name'

SUXARY

'Brief description of the command'

'Full descriptio of the background and operation of the command'

a!
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Fig 7 The 'Choose an Image' pa.ge
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5.2 Choose an Image

A list of all the images available to the user is displayed. An example
of this is shown in Fig 7. To select an image, the cursor is moved into the box
at the end of the required image, and the fMT button pressed. On each line,
there is a short description of the scene, the number of speotral hands, the
size of the image, and, und 'Type', whether the intensity of a pixel is
represented by 8 bits (ie I1) or by 16 bits (12). If, as in most cases, the
image is I, the user need concern himself no further, since all the GEMSTONE
functions will operate without any problems. If the image is 12, as for example
in some radar imagery, the working stores which are 16 bit, must be used for the
original data. The arithmetio package (see section 5.10) can be used to
manipulate such images and to compress or truncate them for presentation on the
television from the display stores.

(El
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5.3 Copy an Image

This chapter contains the following commands.

COPYfIMAG TO STMOE

SUMMARY

The image selected in 'Choose an Image' (p17), can be copied from the host
L computer into any of the MS display or working stores. The command is

also used to copy an extract, specified by '= '=E E=ACT' (see below).

The first time the command is executed very few secondary commands are
required. GEMS E calculates how to sample the original scene so that
it fits on the screen. For example, if there is an image with 2700
pixels per line and 2000 lines, then GEMSTCNE will only pick one pixel
in six, and one line in four. This image which now contains 450 pixels
and 500 lines is the largest one which is still less than the limit of
512 by 512. Only integer sampling is used in this process. Note also
that, since the picture does not cover the whole screen, but is only 450
pi x Rby500 Lines in ths example, the area of the screen thtGM
will process when usin other functions in the menu, is also 450 by 500.
For most operations this is exactly what is wanted, since account is not
taken of areas with no real picture information. Oocasionally it is

( required to process outside this limited area, and this can be done by
copying one image into any store such that all 512 by 512 pixels are
filled. As an aside, it should be noted, that execution of the STATUS
command results in the display on the terminal of scene details
including the sampling used. Thus the sampling which G== has
selected for the original scene can be found if required.

The user is asked next which spectral ha-nd is to be copied into
which GEMS store. For the first execution of this command, it is
suggested by GEMSTE that only the last ba-d be copied. This is
because the computer has to do a lot of work in the sampling just
described, and therefore the copy process is a little slow. If the next
requirement of the user is to define an extract (see below), then a
single band is all that is rt essary to find the area of interest in the
scene. Of course, this su -estion can be overruled and all the bands
can be copied. Since the system has to know when all the bands and
stores have been selected, the last secondary command is '=-D'. This
causes the process to execute, copying the inage into the G&%S stores.

When the chapter page is accessed next, it will be noticed that
there is a yellow box beside the store number, where previously there
were four question marks, Indicating that the store no longer has
unknown data, but has been loaded with an image.

On subsequent executions, a further comma-l is used. There may be
one or more extracts defined (see below) in which case the extract (or
the original) to be copied, has to be specified.
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=1N EMACT

SUM14ARY

As was stated in the 'COPY TO S=0 ' command (p19), GESTNE normally I
samples the image to make it fit the television screen (ie the 512 by 512
store). This command is used to define smaller areas for extraction and
subsequent display with fire sampling, down to '1', ie every pixel can be
used.

DLM IN =11,L

The first question asked is the number by which the extract is to be
known. Up to 8 extracts can be defined and are called extract number 1,
extract number 2, eto. When one (or more) extract has already been
defined, it is possible to define the new extract from the origi r-a
soene or from an existing extract. The source for the extract therefore
has to he decided. Next, there is the option of displaying the extract
over the whole screen or in one of the four quadrants.

If the original scene was larger than 512 by 512 pixels, then it
will have been sampled to fit the screen. The user is now asked how the
extract should be sampled in both the x direction (ie horizontally), and L
the y direction (ie vertically). A rectangle appears on the image and
the chapter page is removed. Using the rolling ball, the user ca n
select the area of interest. The co-ordinates of the top left corner of
the rectangle relative to the top left of the original image, are given
at the bottom of the display. This whole process is so arranged that
the area inside the rectangle will just fill the screen (or store) when
sampled as the user directed. It is possible to reduce the size of the
rectangle by pressing the 'G' button and moving the rolling ball. In
this case, the size of the extract is displayed at the bottom of the
screen. When the image is subsequently transferred, it will not fill
the whole screen and as noted in 'COPY IMAGE TO ST=.E', only this area
will be used for processing in subsequent commands. If the rectangle
does not include all of the area of interest, then either it has to be

amined in pieces, or a coarser sampling must be used. In this latter
case, the INPUT button can be pressed to return the user to the Primaxy
commands, and the same extract can be redefined with a different
sampling. Note that one of the sampling options is 'AUTO'. Here, just
as in the initial copy, the system chooses the best sampling to alcst
fill the screen with the whole image.

On setting up second and subsequent extracts, the position of the
previous extracts are shown to help the user locate the required area.
It is often helpful to keep one hand of the original image in one of the
display stores (ie stores 1 to 4), to further assiHt in the location of
extracts. !

I
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COPY STCRE TO S E

SUMMARY

Using this cmand, images can be moved quickly from one store to another.
This copy is many times faster than copying from the original image.

COMMAND =N EZAI

Having oom-aned GS to copy the whole image or a quadrant, the scuroe
store and the store into which the image is to be copied, axe specified.
The last commad instructs the system to apply no contrast stretch to
the data during the copy process, or to apply one from the colour LUTs
(see section 5.4). This option allows the user to contrast stretch (or
slice) an image and to store the image after stretching.

ERASE STORE

SUMMARY

This ommamd simply allows the user to erase all or part of a store.

COMND IN TAL

FThe system is first comaned to erase the whole store or a quadrant and
the store is then specified. When the task is completed, the yellow bcx
(or the question marks) beside the store nuber on the chapter page, is

(erased.

AM WEDGE

SUMMARY

When performing a contrast stretch (section 5.4) or a dlnsity sli e (secticn
5.5), it is sometimes useful to have a grey wedge (ie a strip of image which

ri is bLack at one end and white at the other) inserted into the image.

COMMAND IN [fAfl

The only choice, is the location of the wedge, along any of the four
edges of the image. The wedge is applied to all four display stores and
the data that the wedge replaces are held elsewhere in the ccmputer.

RPlOVE WECGE

SUMMARY

This command restores the original data removed by 'AM WE='.
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5.4 Contrast stretch, HisTograms. Intensities

Adjustment of contrast has been done to pictures since the birth of
photography, but the problem of contrast stretching is much more extreme in
digital images. The human eye can distingish between 10 and 20 separable grey
levels and so photograp Lo pictures which hold 20 or 30 levels, are well matched
to the eye. However. it is very difficult to display the subtle intensity
detail in a digital image of say 200 grey levels, when the eye can only see 10
to 20. Contrast stretching simply to brighten up a dark image can make the
picture more interpretable, but it may not highlight a great deal of detail that
could be useful. This chapter contains four autcmatio contrast stretches and
three manual ones to help the user make the most of the data, visually.

Much use is made in this chapter, of histograms of intensity. These are
charts or graphs where the horizontal axis oontains all 256 possible intensity
levels, and the vertical axis shows the number of pixels from the scene at each
intensity. Fig 9 shows a typical histogram.

Number

of %\

pixels

0 f 50 1 100 150 t200 255
P R Q

INTESITY

Fig 9 Typical histogram of intensity in an image

w Address 10 1i 21 -1 -1 271281 - -12W5 OUT
INPUT Content 0 2 4 - -!254 255 -, 255-

Fig 10 Block diagram of the operation of a look-up table (LUT)

As was mentioned in section 2, the data from an image pass through a box
labelled 'LUT' (e look-up table), before being presented on the televisicn
screen. This is shown in Fig 10, where a pixel at the input is treated as an
adress in the LUT. In this example, if a pixel of intensity 2 appeared at the
input, location 2 would be ,imamined, and the output would have a value equal to
the contents of location 2 ie a value of 4. This simple LUI can thus multiply I
the intensity of any pixel by 2 up to a maxium input value of 127 after which
all the output values are 255. The microcomputer in C---S, although not fast
enough to cope with the high data rates required by TV. can stil load the 256
nunbers into the locations in a fraction of a second, and the LUT itself can
then run fast enough for the TV. Different contrast stretches are produced by
the microcomputer chan Ing the numbers in the LTs.
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The graph In Fig 11(A) shows what happens to the data when location x in
theLT has the contents x. Data entering the WI' at level 80, leave the other
side at level 80 as well. This graph is called a 'transfer function' sinoe it
shows how the input data are transferred to the output. Fig 11(A) is the
,unity, transfer function, sinoe it does not change the data. In Fig 11(B), the
transfer function has been ohanged so that data at level 80 leave the LUT at
level 85. However data at 30 or below all emerge at level 0, and data at 180
and above emerge at level 255. This would be'a suitable contrast stretch for
the data shown in the hstWgram in Fig 9, since there is virtually no
information below 30 or above 180. Thus the range from 30 to 180 has been
stretched to the range of 0 to 255. Hence the name for the process. Since the
graph is a straight line, this is called a linear contrast stretch.

K.

255 
255

OUTPUT

80- 85--..-

0 80 255 0 30 80 180 255!-''
(A) No Stretch (B) Simple Linear

255 255

127--

0 30 80 180 255 0 255
INPUT T

(C) Two-step Linear (D) Non-lInear

Fig 11 Typical transfer functions for contrast stretching
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The histogram shown in Fig 9 was skewed. In fact the median of the data
(ie the level at which half the pixels are below and half are abcve) was at 80
(R in Fig 9). The linear contrast stretch moved this to level 85 as shown in
Fig 11(B). Most pixels would therefore leave the LUT with an intensity of less
than 127, or mid-grey. Thus the picture will appear fairly dark and difficult !
to interpret. The next stage in this sequence of contrast stretching is a two
step linear stretch as shown in Fig 11(C). Here the median data emerge at level
127, ie mid-grey. There are as many pixels above this level as below giving the
picture a good halance. The next stage in the sequence of contrast stretching
leads to much more complicated transfer functions as illustrated in Fig 11(D)
and they are n-inear. R

Fig 12 illustrates the effect of the four transfer functions in Figs 11
(A), (B), (C), and (D). It is difficult to see the image in Fig 12 (A) since it
is so dark, and this is illustrated in the histogram shown below the image. The
scene is of the Portsmouth area in ngland and was taken by the Thematio Mapper
(Band 4) on lamdsat 4 on 4-Feb-83. A mid morning winter image of the UK is
bound to be dark, and this picture demonstrates the need for contrast
stretchirg.

The simple linear contrast stretch shown in Fig 12 (B) (corresponding
approimately to the transfer function in Fig 11 (B)), produces a satisfactory K

result. The histogram of the stretched image shows a good spread of the
information over the whole display range of 0 to 255. Note the distribution
appears to be hi-modal, the left ha-d peak oorresponding to the water area, and
the right hamd peak, to the land. The image might still be thought a little
dark and the median of 82.9 (shown to the right of the histogram in Fig 12 (B)),
is well below mid-grey level of 127. The result of a two-step linear contrast
stretch (of the type in Fig 11 (C)) is shown in Fig 12 (C), where the median of
the land data has been moved to mid-grey, although the overall median is at
120.9 due to the large number of dark sea pixels contributing to the statistics.
Finally, in Fig 12 (D), a non-li contrast stretch has been applied on top of
the stretch in Fig 12 (C). The effect of this is to broaden the distribution
(note that the standard deviation has increased from 52 in (C) to 61 in (D)), or
to make the image look more oontrasty. It may be easier for the eye to see
certain features in such an image, but others will be lost in the highlights and
shadows. This demonstrates that a single contrast stretch for all applications
is a compromise and that the human eye can extract most information for a
parti -ular application by using an interactive image processing machine to
produce a specifio stretch.

It should be noted that when performing contrast stretches, the contents
of the stores are not altered. It is only the LUTs that are char. t~. To have a
stretched image in a store, requires the original store to be copied to itself
or elsewhere, through the =Us, using the 'COPY STOR TO STCRE' ocmmand (p21).

!
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SIMPLE NON 2 PART NONE
LINEAR LINEAR LINEAR

AUTO AUTO 2 F
LINEAR LINEAR

AUTO AUTO WHOLE
EQUALISE GAUSSIRN EXTRACT
MANUAL EGATE PfRT ED

STRETCH EXTRRCT E

I' SAVE RESTORE F
c STRETCH STRETCH LAST ONE

PIXEL TRANSECT H
VRLUE GRAPH RLL RED

H[SfffM OVERLAY 4
1H1IUUfl HISTOGRAM GREEN BLUE

STATUS HELP RETURN IMRAE
INPUT FOR COMMRND 

OR QUIT

Fig 13 The 'Contrast Stretch, Histograms. Intensities' page
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AUTO LNEAR

SUMMARYa

Thi provides a simple automatic linear contrast stretch as in Fig 11 (B).

COMMANDzu nETAIL

The first command instructs the system which a to use to produce the
histogram. 'Whole tra t' imdicates that the whole soene d.ispwyed is
to be used to provide the histogram information. If a 'Part Etract, is
selected, a rectangle appears. The rollin ball is used to move the M
rectangle to the area of interest and after pressing the 'CG' button,
the rolling ball can change the size of the rectangle. On pressing
'INM ' the system produces the three histograms for the Images
connected to the red, green and blue guns of the television. GMSTON
finds the points P and 9 in the histogram diagram in Fig 9. This is so
arranged that about 1% of the data lies below P, and 1% lies above Q.
These small amounts of data are all compressed into level 0 and level
255 respectively. Three transfer functions are produced Rimlar to Fig
11(B) and put into their respective L=T boxes, resulting in the
stretched picture appearing on the screen.

The next time a contrast stretch is applied, when the user has to
specify the area for the production of the histogram, GESTONE suggests
'Last One'. If 'Whole Extract' was specified previously, it will be
used again, and similarly if 'Part Extract' was specified then it will
be used again without having to redefine the area.

AUTO 2 LINAR

SUMMARY

This provides a simple two step linear contrast stretch as illustrated In
Fig 11 (C), where the Loedzan of the input data is set to level 127 or

mid-grey on the output.

CCMAND IN~ DTAILJ

The operation of this command is exactly lIke 'AUTO LINEAR', exept that
thJree transfer functions of the form shown in Fig 11 (C) are loaded into
the three LUTs.

AUTO EQUALISE

SUMMARY

The histog-ram shown In Fig 9 had a large peak in it. This contrast stretch

is such that it produces an bstogram of the output data from the LUT boxes
having a flat top. ie an equidansity or rectangular distribution.
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The operation is exactly like 'AUTO Lfl4EAR', except that three transfer
functions of the form shown in Fig 11 (D) are used.

AUTO GAUSSIM

SUMMARY

, As for 'AUTO EUALISE' a complicated transfer function is produced. This
time the resulting histogram has the shape of a standard 'Gaussian'
distribution.

mmi ni ETAIL

The operation is ectly like 'AUTO LNEAR', except that three transfer
functions of the form shown in Fig 11 (D) are used.

SU1iARY

FShould the user consider that none of the automatic oontrast stretches gives
the enhancement required, even with the facility to choose a limited area
for the statistics, then the transfer function can be adjusted manually to
produce a range of simple l1near and complex stretches.

OMMAN IN ZETAIL

The user is first asked whether the contrast stretch is to be applied to
all colours (as in the case of a black and white image), or to a single
colour. If different stretches are to be applied to each colour, then
they have to be applied sequentially. The next choice is the type of
stretch to be used, namely, 'Simple Linear', '2 Part Linear', or 'Ncnr Linear'.

'Simple Linear' results in a transfer function as shown in Fig 11
(B). Moving the rolling hall from side to side causes the top of the
transfer function to move from side to side. A sal dIagram at the
bottom right of the television screen shows the result of this

operation, the number displayed being the x co-ordimate of the top of
the transfer function. This would be 180 in the case of Fig 11 (B). If
the 'C ;G' button is pressed, the rollin hall controls the lower end of
the transfer function, and the diagram at the bottom of the screen shows
the movement of this lower end of the graph, and the x co-ordinate of
this end. This would indicate 30 in the case of Fig 11 (B). A further
pressing of the 'C=NG' button causes the rolI1n ball to control the top
of the transfer function again. and so on.
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'2 PaXt Linear starts off like 'Simple Linear'. Initially the
rolling hall1 controls the top end of the transfer function, then, after
pressing the 'CMG' button, the bottom end, but after the next press of
'ICM'. it controls the mid-point of the output. This is shown in Fig
11 (C) where the user can control the point with oo-ordinates of 80 on
the input and 127 on the output. Moving the hall from side to side, I
causes the x oo-ordinate to move whilst leaving the y oo-ordinate fixed
at 127. Subsequent pressings of the 'C ' button cause the control of
the rolling ball to cycle round the three functions.

'Non Linear' stretching is normally applied after one of the other
two manual stretches. A new unity transfer function is shown in the
mall diagram on the television screen, and this function should be
considered as bein applied in addition to the previous contrast
stretch. Initially the user can control the gradient of the line
through the mid-point of the function. Pressing the '=G' button
allows the user to move this mid-point in both the x and y directions
using the rolling ball and GEIONE continuously produces smooth -
transfer functions to fit these constraints. At the side of the diagram
are three numbers. The upper two give the oo-ordinates of the point at
which the slope is being controlled (initially the mid-point 128,128),
and the lower number indicates of the slope at that point. 0 represents
a slope of 45 degrees, 127 represents the steepest slope (about 90
degrees ie parallel to the y-axis), and -127 represents the shallowest
slope (about 0 degree ie parallel to the x-axzis).

Before using this function, it is worthwhile storing any stretch
that has been applied, using 'SAVE S' ' (p3l), since on completion
of this command the L13Ts are modified. Thus, if a further non-linear
stretch were produced, it would be applied to the new LUT. Restoring
the previous stretch would therefore result in the same starting point,
before a new non-linear stretch was applied.

NEGAT STEI=

SUMMARY

Ths coand produces the negative of the current stretched image.

It is best to consider this comand as producing a separate transfer
function in addition to the main stretch rather like the manual 'Non
Linear'. This function will transfer data at level 255 to 0, and data
at level 0 to 255, eto. To remove this negative, the 'Negative Stretch'
command should be repeated, since two negatives make a positive.

Li'
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SAVE STRT

SUMMARY

It is possible to save up to 8 contrast stretches using this comamd, so
that at some later time, they can be re-applied to an image.
CCHMAND IN nETA=L

Up to B stretches can be stored, and the only ocmmand is to label the
stretch from A to H. A line of up to 70 text characters can be inserted
at the terminal, and this is stored as a descriptor of the stretch. The
contents of the 3 WTs are transferred to the host computer, for later
recall to GEMS or to a background program which allows the stored
contrast stretch to be applied to a complete image.

RESTORE STREI=

SU7MMARY

This command allows the user to re-load a previously stored contrast stretch
into the LxTs.

~CCMM IN rETAIL

The only secondary command is to specify the contrast stretch to be
restored. If 'NONE' is specified, then the LUTs are set to the unity
transfer function, so that no contrast stretch is applied to the image.
It will be found that the coand cycles round all the stored stretches.
So, for example. having restored 'NONE', the next press of the 'INPUT'
button will show the chapter page with the cursor over 'RESTORE
STRIE'. A further press will move the cursor to stretch 'A', and the
next press will result in the image being displayed with stretch 'A'.
Three more presses of the 'INPUT' button will result in the image being
displayed with contrast stretch 'B', and so on. Thus the user can very
quickly examine a number of pre-stored stretches to find the mcst
suitable one.

If a line of description was supplied when the stretch was saved.
12 using 'SAVE SM=', this text will appear on the terminal screen.
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P= VALUE

SUMARY

The intensities in the three colurs, and the oo-ordinates of a pixel may be
displayed on the screen. The numbers presented are the intensities in the
stores, ie not modified by the =s.,

The rolling ball or the buttos round the 'mode' button (see Chapter 4),
can be used to move the cursor over the area of interest. Below the
cursor cross is a continuously updated set of figures giving, on the top
line, the co-ordinates of the centre of the cursor in x and y, relative
to the top left of the original image, on the next line the co-ordLnates
relative to the top left of the screen, and on the bottom line, the
intensities of the pixel at the oentre of the cursor cross, in the three
colours. By looking at the right hand buttons on the control panel, the
user can determine which store is oonnected to which colour gun. These
buttons may be pressed while this process is running, so that it is
possible to display the pixel values in four stores very quickly. The
figures presented, are held in overlay plane 3. If the 'CEG' button is
pressed, then the pixel at the centre of the cursor cross is copied into
overlay plane 2. If the 'CEM' button is pressed again before the
cursor is moved, then the co-ordinates of the pixel relative to the top
left of the screen are also stored in overlay plane 2. A third pressing
of 'CMIG' stores the other co-ordinates, and the fourth pressing stores
the intensities. In this way a series of points can be labelled with
co-ordinates with or without intensities, and overlayed on the image.
To terminate the oomnand, the 'MPT" button is pressed.

If the image has been geometrically transformed to a map base,
then the position of the cursor in map co-ordinates will appear on the %
ccputer terminal.

[j7

im

!
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TRANCT GAPH

SUMMARY

A transect across an image can be defined, and a plot displayed of intensity
along the transect in one or three bands.

C A 321 EETAr

Having selected one or all three oolours, GEMSTOE draws a line on the
screen, and positions the cursor at one end. The cursor may be moved
with the rolling bal or the buttons round the 'mode' button, to place
the cursor over the start point for the transect. To assist with the

L operation, the co-ordinates of the cursor are updated on the computer
terminal. After pressing the 'ICMI' button, the final point of the
transect can be selected. Further pressings of the "CEM' button will
allow the user to reset the start point and the end point cyclically.
When the 'InPUT' button is pressed, the graph of intensity along the
transect is displayed in one or three oolours depending on the choice
made earlier. The y (or vertical) axis is linear in intensity from 0 to
255. The x axis gives the position along the transect and corresponds
to the distances along the maximm projection of the transect line onto
the x or y axis. Thus if the transect line is close to horizontal, the
scale corresponds to the projection of the transect onto the x axis. A
scale is also annotated on the transect line and there is a laxger index
at the end of the transect line corresponding to the origin of the
transect graph. Whilst this commnd is being exercised, the current
length (true length, not 'taxi-cab' distance) and angle of the line is
given on the VDU.

(. If the command is executed again, the user will find tha~t the end
point is in the sae position. Hence a series of transects radrating
from a point may be investigated. For a contiuous sequenoe of
transects, the start point should be put over the previous end point by
shrinkin the line to one pixel, and a new end point specified.

EISTCGAMF'r

Using this command, histograms can be displayed on the television screen.
CThese can be for the data before or after stretch"ng. If the histograms are

for individual colcurs, the transfer function is also displayed.
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It is first necessary to specify the ares of the soene to be used for
producing the histograms, ie 'Whole Extract', 'Part Extract', or 'Last
One' as described in 'AUTO LINEAR' contrast stretching. If the user
next chooses that 'All' three colours are to be examined, then EMSTONE
will produce the corresponding three histograms of the data after
stretching, in overlay plane 3, and afurther three histograms before
stretchin in overlay plane 2. Plane 3 is displayed, but the user can I
switch in and out planes 2 and 3 with the buttons on the extreme left as
described in section 4. If, however, the choice was that only one
oolour (ie 'Red', 'Green', or 'Blue') be examined, then GMSTOE will
put two histograms in overlay plane 3 and the transfer function in
overlay plane 2. The two histograms correspond to before and after
stretchin. Both hstograms and the transfer function are displayed,
but the user may again switch the planes in and out. All histograms
have the corresponding mean, median, and standard deviation, beside
them. Note that the vertical axis is scaled to make the largest oolumn
equal to one and that the scale is non-1inear. This allows lower level
detail to be examined. Note also that a vertical line is not drawn for
the y-axis. If there appears to be such a line, it is actually the
column for pixels of intensity 0. ie there are a lot of totally black
pixel in the picture. More statistical data also appear on the VDU.

To speed up the process, the 'Whole Extract' is sub-sampled, by
selecting one pixel in four and one line in four. Such a sample is
still statistically reasonable with 16,384 items. When 'Part Etract'
is used, integer sampling is again done so that there are less than 128
samples per line and less than 128 lines. It should be noted that for a
computer generated, regularly patterned image, this procedure may not
produce exactly the correct histogram. In these obscure cases, 'OVERLAY
4 HISTCGA' should be used.

OVERLAY 4 HISTOGAM

SUMMARY

The principle is the same as 'HISTOGRAM' above, but the area, for the
statistics is defined by the contents of overlay plane four.

By use of the graphics routines in 'Text and Graphics' or in
'Classifiers, Copy Bit Plane', or in 'Density Slie, Measure Areas', a
mask is put into overlay plane four, such that only where the plane is
at level one are the pixels in the image plane(s) included in the
statistics. The operation of the command is the same as 'HISTOGA:%',
but there is no sampling done by the system.

I
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5.5 Density Slice, Measure Areas

Density Slicing is anther photographic operation that is used for a much
wider range of possibilities and problems. The original idea was that every
pixel in a hlack and white image could be colour coded. For example, al the
pixel from black to dark grey could be made yellow, all those from dark grey to
mid-grey could be made green, eto. Since, as was mentioned in the pre-amble to
contrast stretching (section 5.4), the number of intensity levels in a digital
image is very large compared to the capabilities of the eye and film, this
facility is necessary to enable the user to eanine the subtle differences in
tone in an image. The ease and the precision with which the density slice can
be applied in a digital image is in marked contrast to the difficulty and
imprecision of the photographic system.

It may be found in an image that every pixal between one level and amother
is associated with a particular type ground cover. For example, in many
images water appears very dark, and a simple density slice may isolate all the
water areas. Thi is an example of a simple 'Classification', and the water
would be a 'Class' of ground cover. In section 5.8 these ideas are developed
further using more than one hand of an image. However, this simple ie shouldL be uderstood before the more complex classifiers are examined.

Fig 14 illustrates the density slice operation applied to the sae
Portsmouth scene as in Fig 12. The first slice in blue from level 0 to 13,
colours in the water area, ie, this simple process can be seen as classifying
this area as water, very successfully. The second slice in dark red is from
level 14 to 21 and picks out mud/wet sand areas above the water line. However,
there are many other areas within the town of Portsmouth at the bottom left,
that are also picked cut, and this is therefore a relatively inaccurate
classification of mud/wet saMd.

The process is implemented using I.ZTs in the same way as for contrast
stretchin (section 5.4), and again, the contents of the stores are not
modified. To have a sliced image in the stores, the original requires to be

S copied to three stores, one through the red LUT, one through the green, and one
through the blue, using the 'COPY STORE TO STORE' commnd (p 2 1 ).

r i mmml
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Fig 15 'I~eszty' Slice, Hesr Ar'eas' page I



MANUAL SLICE

SUMMARY

n a black and white image, it is possible to apply up to 16 density slices.
These slices can have gaps between them. For each slice, there are 16 fixed
and four user definable oolours to choose from.

CCHMAND IN DETAIL

As 16 slices have to be identified, it is suggested that the first slice
is n=ber 1. A oolour is net suggested for this first slice, but 4t

can be changed to any of the other 19 if desired. Having chosen the
colour, the image is displayed with a scale ranging from 0 to 255, at
the bottom of the screen. If the rolling I. U is moved to the right, a
line will appear progressing along the scale, and the darkest parts of
the image will be sliced in the chosen colour. The slice operates up to
and including the intensity at the end of the line.

9Where there is difficulty reading the scale, the zoom facilities
and the panning control (see section 4) can be used to enlarge the srall
region of the scale required. If a density wedge had been added to the
image before slicing (see 'AM WEG', p;l), then the slice would be
observed moving along the wedge. Not only can it be helpful in
following what is happezing for this one slice, but later when there are
several, this wedge keeps a visual record of the relative and absolute
positions of the slices and their colours.

If the 'CG' button is pressed, the rolling ball now controls the
bottom limit of the slice, keeping the top limit fixed. Subseqae-t
pressing of the 'C=G' button cause control of the rollin hall to cycle
round these two operations.

On pressing 'I . "T', the user is returned to the menu where it is
suggested that a second density slice be applied and the same sequence
of comans is followed. This process can be repeated for up to 16
slices or can be stopped by moving to 'End'. It is possible to chamge
the colours of the slices after they have been specified, and even after
'End', since the slices themselves are not reset on the next execution
of 'MANUAL SLICE', but control continues from the previous settings.

SAVE SLICE

SUMMARY

This command can be used to save up to 8 density slices, for later
application to an image.

03MOAD IN DETAIL

The first command is to label the slice from A to H. A line of up to 70
text characters can be inserted at the terminal, and thls is stored as &
descriptor for the slice. The contents of the 3 L=Ts are then ccied
into the host computer memory.
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RESTORE SLICE I

SIUNARY

This cmmad allows the user to re-load a previously stored density slice
into the LUTs.

The only secondary o=and is to specify the name of the density slioe
to be restored. If 'NONE' is specified, then no slice is applied. As w
described in 'RESTORE STRETCV' (p3l), the oommand cycles round all the
stored slices. Thus if one has been restored, then three presses of the
'n=' button will result in the next slice being applied. At the end
of all the slices, the next in the cycle is 'NCNE'. If text was stored
at the sane time as the slice, it will appear on the terminal screen.

This cmmand also allows the user to apply four standard slioes,
three being for the display of classified data. As a result of the
classification process (seotion 5.8), a store may contain one class in
the first bit plane of the store (see section 2 for details of the bit
planes), a second class in the second bit plane, eto. The secondary
oands '8-div', and '8-bit', permit the display of these
classifications in different ways.

Suppose there are three classes in bit planes 1,2 and 3, with the
other hit planes set to zero. Where there is an area which is only in
class 1, bit plane 1 will be set and planes 2 and 3 will be zero. Henoe
the value of the pixels within the area will be 10000000 in binary or
128 in decimal. (It may be helpful to refer to the bit plane diagram,
Fig 2, p6). Similarly, for an area where only class 2 exists, the value
of a pixel will be 01000000 or 64. Where a pixel is in both class 1 and
class 2, its value will be 11000000 or 192. This argument cam be
extended, and the results for three classes sliced using '8-d:iv', are
summarised in the first two columns of Table 2.

Pixel value Pixel class Slice colour

224-255 1 and 2 and 3 white
192-223 1 and 2 yellow
160-191 1 and 3 magenta U
128-159 1 red
96-127 2 and 3 cyan
64-95 2 green
32--63 3 blue
0-31 none black

Table 2 Pixel value, class and colour for the '8-dv' slice

This commazd therefore permits the display of three classes
together with all the overlap regions which are shown in different
colours. If there is any doubt about a colour, (eg the colour cyan) a
wedge added to the image ('ADD W='. p21) will display them, in order.
Where there is difficulty in understandin this process, the user ca
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simply restore '8-d<v', and identify the classes using the table.

If there are two classes there are only four possibilities for
display, ie no class, class 1, class 2, both classes. In the case of
three classes there are 8 possibilties as described, and these can be
displayed with 8 slices. However the number of possibilities doubles
each time a class is added and so for 8 classes there are 256
combinations. bviously density slicing cannot show this information,
or more to the point, the human cannot absorb it. Suppose there are 8
classes in the 8 bit planes arranged in order of importance with the
most important class being in bit plane 1. If am area is in class 1,
then the value of the pixels will be 128 as before. When other classes

ti also lie within the area, the value of the pixels will be in the range
128 to 255. If class 1 is the most important, a slice from 128 to 255
will show all occurrences of class 1 irrespective of other classes.
Similarly, a slice from 64 to 127 will Inic ate all areas of class 2
irrespective of classes 3 to 8 eto. The '8-bit' slice will display 8
classes in priority order as listed in Table 3.

Pixel value Pixel class Slice colour

128-255 1 red
64-127 2 green

!32-63 3 blue

16-31 4 yellow
8-15 5 cynn

4-7 6 magenta
2-3 7 purple

1 8 dark green

Table 3 Pixel value, class and colour for the '8-bit' slice

The '16-div, slice is a general purpose one. Whereas '8-div' divided the(4 intensity range into 8 equal steps, '16-div' divides it into the 16 equal steps
listed in Table 4.

Pixel value Slice colour Pixel value Slice colour

- 240-255 white 112-127 green
224-239 grey 96-111 dark green
208-223 red 80-95 cyan
192-207 dark red 64-79 blue
176-191 brown 48-63 dark blue
160-175 orange 32-47 magenta
144-159 gold 16-31 purple
128-143 yellow 0-15 black

Table 4 Pixel value and colour for the '16-div' slice

The '16-level' slice sets the first 16 intensity levels above 0, to the
colours given in Table 8 (plOT). and is used to re-display a maximum llkellhood
classification.
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BLCE IMAGE

This comnd can be used to make the back d black when s icing an image.
There are no secondary ommands.

SUMMARY

This oommamd simply restores the image after us"in 'BACX IMAGE'.

PE 0T C-1

SUMdMARY :

Thi ocmmamd enables the area of each slice to be written on the VDU.

COMIAMD IN DETAIL

The total area is printed on the computer terminal, followed, for each
slice and the unsliced area (UN), by the number of pixels, the
percentage of the total area, and, if the scene has been geometrically
transformed, the area in the units of the map (generally square metres).
For a scene that has not been transformed., the number of pixels is
printed again with a minus sign. If the area, covered by one pixel on
the Earth is kmown, then the ground area of a slice can be found simply
by multiplying the number of pixels by the area of each pixel,
remembering to take into account the sampling used to display the
picture. The following table gives the approximate sizes and areas of
pixels from some of the more common spacecraft images.

Spacecraft Sensor Size Area (hectare) Area (acre)

Ladst MSS 57*79 0.45 1.11
andsat :3 RBV 19*2:3 0.044 0.108

Iandsat TM 30"30 0.090 0.22
Spot Colour 20*20 0.040 0.099
Spot B/W 10*10 0.010 0.025
Seasat and SAR 25825 0.0625 0.15
resampled 50*50 0.25 0.62
images 1008100 1.00 2.47

Table 5 Sizes of pixels in some spacecraft Images

OVERLAY 4 P= 0NT

This is the same as IP=L CCUNT' above, except that the area for the count
is define by the contents of overlay plane 4.
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CHOOSE CCLCTJR

SUICIARY

With this command, the colcur of the four user colours may be changed.

COMLAMA IN ETAIL

Following selection of the user colour to be varied, the display reverts
to the sliced scene, with three numbers in the bottom right of the
picture. Moving the rolling hall to the right increases the left ha-d
number, ie the red intensity of the slice colour and this can he seem
changing on the screen. Moving the ball to the left reduces red. if
the 'CENG' button is depressed, the green intensity can be varied in
exactly the same manner, and a small bar moves from the left hand number
to the middle, to inijoate which component of the slice colour is being
varied. Further presses of the 'CENG' button allow the user to vary the
colcur components again, in order.

The following table of the fixed colours and the red, gr-een and
blue intensities, gives the user an indiiation of the numbers recu-aied

L; to produce a new colour.

Colour Red Green Blue Colcur Red Green Blue

Black 0 0 0 Grey 128 128 128
Red 255 0 0 Brown 80 48 48
Green 0 255 0 Gold 255 192 0
Yellow 255 255 0 Orange 255 128 0
Blue 0 0 255 Purple 128 0 128
Magenta 255 0 255 Dark Blue 0 0 64

Cyan 0 255 255 Dark Green 0 128 0
White 255 255 255 Dark Red 128 0 0

Default user colours:

V User Col 1 128 192 0 Lime Green
User Col 2 192 64 0 Rust Red
User Ccl 3 64 128 128 Petrol Blue
User Ccl 4 192 64 128 Pinky Purple

Table 6 Primary components of the slice colours.

The description of the colours, particularly the user oocurs, L--
Table 6 are only arprc3tate and will difffer frcm user to user and frcm
monitor to monitor.
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5.6 Maths Operations

There are a number of operations grouped in this section several of which
use 'spatial filtering' techniques. The basic idea behind filtering is that a I
patch with elements called 'weights' can be convolved with an input image to
produce an output image.

If I is the intensity of pixel (pq) in the input image,
P,q

0 is the intensity of pixel (p,q) in the output image,
p,q

and W is the value of the weight at (i,J) in a 2n+1 by 2m+1 patch,
i,J -

then,

2n m +1

0 - W • - (1)
p, q _,i,J p-(n+l)+i , q-(m+l)+J

i-i J-I

If the patch is 2n by 2m, then there is no central weight, and the convention
within GEMSTNE is that,

0 -w • z- (2 )
p,q i,J p-n+i , q-m+J

i-1 J-i

The consequence of this convention is that the image moves upwards by 0.5 of a
pixel and to the left by 0.5 of a pixel.

r

I
L
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It may be easier to visuallse this convolution process with an example.

Suppose there is an imagewith a smallI piece like this -- 67 C
where A is the intensity of -- A  G _ E

F L HL -I ,0the pixel at that point eto. -KL, X, I, O,-r Pf L ,- f7 T
I I I

I I

and there is a patch ofS three rw adthree lies - a lb joI

where a is the value of 7 e f
the weight at that point etc. - h i

The patch is put on j

top of the image lik this -Ab oC D,_(37 eG ~M f
1P -I , fo7

I JI _

and the element with intensity G in the input image is replaced by the sum of

all the products inside the patch. ie The output pixel has the value,

a*A + bB + c*C + dF + e*G + f'H + g*K + h*L + i*X.

The patch is then moved
along one place to the right - aTB I -C E -

p Q_1_ r
_ P, Q.R S T -

and the input pixel with value H is replaced by

a*B + b*C + o'D + d*G + e*H + f*I + g*L + hHM + iN.

This process is repeated for every step along the line. The patch is then
moved down one line and the whole process repeated for every step from left to
right again, and so on to the bottom of the image. By choosing the weights
a.b o.... correctly, various smoothing, edge enhancement, and destripIng
filters can be produced. Within this chapter, the weights are fixed by
G121S'INE, but the user can design his own filters using the commands in 'iUnear
Filters'. (see section 5.7)
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Fig 16 Me "Ma.ths Ope.ations' page I
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SUBMARY

Tis command allows the user to smooth an image along a line, down columns,
or over an area. By changing the size of the filter, it is possible to
remove high frequencies alone, or both high and mid range frequencies.

CCHMANqD 321 MEAIL

For this filter, all the weights in the patch are equal. Thus in
equations (1) and (2) on page 44, T has the same value for all i and J,
and V equals one divided by the total nmnber of weights in the patch.
The s= of the weights is therefore one, amd the overall intensity of
the image is left unchanged by the operation. In the example on page
45,

a -b- o - d .....- 1 1/9.

The user is first asked which store(s) oontais the image to be
smoothed, then where the result should be placed, and the area of the
image over which the filter is to be applied. The next question is the
size of the filter, which defines the type of smoothing to be done.
Thus a filter size of 3,1 (e 3 weights along the line and only one
line), would remove only high frequency edges running from the top of
the image to the bottom. Cbanging the 3 to a higher number would remove
lower frequencies as well. The maximum size in this direction is 512,
and such a filter would remove all the information in the image along
the lines leaving only the changes from line to line. A filter of size
1,3 Cie 3 weights in one column) would remove high frequency edges
running from left to right. Again, increasing the 3 would result in
lower frequencies being removed, but in this case the maxiu number is
16, to give reasonable speed. For filters other than a colu-n or a
line, frequencies will be removed in both directions according to the
size of the filter. Having specified the size of the filter, the scene
is processed. It should be noted that if a filter is specified with an
even number of weights along one or both sides of the patch, then the
output image will be shifted upwards by 0.5 of a pixel if there is an
even number of weights in the vertical direction, and to the left by 0.5
of a pixel if there is an even number of weights in the horizontal
direction.
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The following simple example illustrates the operation of a smoothizg
filter. An idealsed image of two fields and one noise pixel, is shown
at the top of Fig 17. The intensity along one scan line AA is shown
below, and the horizontal scale is marked at the bondaries between the
PIxels. If the soothing filter (1/3, 1/3, 1/3), is convolved with the I
image, the reader can check that the last graph is the resultant

intensity along this one line.

Grass field Wheat field

Sub-image of a large
image. showing parts
of two fields.

A- -A

Noise pixel
InTensity ,

Intensity along 48.
line AA

43 -

Smoothing filter alF al
where a - 1/3 (7

Intensity

Intensity along 44 T.
line AA after 43
smoothing 42

41

Fig 17 Example of Smoothing

The main features to be noted are that the average intensities of
the two fields away from the edge and the noise pixel remain unaltered,
that the edge has been smoothed, and that the noise pixel has been very
much reduced and spread out. Fig 18 shows, on the left hand side.
examples of a 3*3 and a 7*7 filter applied to the Portsmouth scene.
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E=G ENHANCE

SUM1MARY

This command can be used to enhance edges which run vertically in the image,
or horizontally, or wd irectionally, by either increasing the amplitude of
the high,frequencies, or decreasing the amplitude of the low frequencies.
As with smoothing, the size of the filter controls the frequencies to be
modified.

CCHMAND IN EETAML

As with the 'SMOTH' ocmmamd (p47), the user specifies the store
containing the input image, the result store and the area to bef processed. The user is next asked to 'increase high' or 'remove low'.
In the former case, a patch is produced in which all the weights except
the central one are equal to -1/(T), where T - total number of weightsV in the patch. The central weight is set to (T-1)/T, so that the sum of
the weights is zero. Thus in the example on page 4,5,

a - b - o - d - f -g - h - i - -1/9 and e - +8/9.

Therefore if the patch is convolved with a uniform area (ie an area with
no edges, or A - B - C .... in the example) the result is zero. If any
of the Pixels in the image are different from the neighbouring pizels,
then this filter produces a non-zero output. It is therefore an edge
detection filter. GMSTE adds the output from this filter to the
original image to produce the edge enhanced result.

In the case of 'remove low', a smoothing filter with equal
elements is first applied, as in the 'SWCOTH' commnd (p47). This
smoothing filter leaves low frequencies unaltered, and reduces the high
frequencies. If this resultant image is subtracted from the original,
the low fequencies of the original will be exactly cancelled by the low
frequencies of the smoothed image, but the high frequencies will not be
removed. The net resultant Image is zero plus and minus the htgh
frequency information. Since GEMS cannot display a negative image, 128
is added to this final result.

Having chosen the type of enhancement, the size of the patch is
specified as for the 'SM"O' command. If the patch has an even number
of weights on one or both sides. then the enhanced edges are moved
again, but this time by 0.5 pixel downwards or to the right or both.
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The f ollowing example Shows the ef fect of a~n edge enhancement
filter, using 'inCrease h~igh', applied to the image of Fig 17 (p48).
Below the original line, is the result of convolving the edge detection
filter with tbhe line, and, as shown, there is only a non-zero output
where there are edges. Adding to the original image, at the bottom,
shows the enhanoement of edges.

Intensity
Intensity alon 48

4:3

40

Edge detection filter Ja b a
where a - -1/3, b-2/3

Intensity rI

2
Intensi ty along 1
Line AA after 0
edge detection -1

Intensity

Inte-nsity along 4
l~ine AA, after aing
the original image
to the filtered 44
image 4~3

42

40

Fig 19 Exaple of edge enhancement using 'increase high'

In this resultant Image. the average Intensities of the fields
away from the edge remain unaltered. there is a larger contrast charge
over the edge, but unfortunately, the noise pixel has been enhanoed. I
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Fig 20 shows the effect of passing the edge enhancement filter
over the image in Fig 17 (p48), using 'remove low'. Below the origIna.
line are the smoothing filter and the result of convolving thls with the
line. Subtracting th s from the original and adding 128 to avoid
negative u bers, results in the intensities shown at the bottom.

Intensity

Intensity along 48 +
line AA

L4:3
40

Smoothing filter 5IT
where a - 1/3

LD

SIntensityI

Intensity along 44U I

line AA. after 4

stAc filter 128-

subratn fitee 1$

image from original 127-
and Add1ng 128

Fig 20 Eample of edge enhancement usin remove low'

In thIs resultant image, all the low frequency information has been
removed with only the edges remaining. Thus a skeleton has been left.

In Fig 18, on the right hand side, a 3*3 and a 7* edge
enhanoement have been applied to the Portmouth scene. The laSt image
at the bottom right, shows the effect of edge enhancement using 'remove
low'.
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DES=IPE

SUMARY

Hany images, particularly from the XSS in the Iandsat series of satellites,
have a horizontal striping structure. This command permits the partial or I
complete removal of this structure.

CCMM=N IN =ETAIL

Me process uses the same filtering techniques already describe-i in
Es,0 / and 'EGE DSANE T' (pp47 - 53), and can be considered in m

three steps, although as fax as the user is concerned, the command
itself is only one operation. The first step is to smooth the image
using a long single line filter, eg about 50 weights along one line.
Thi results in an image in which most of the detail has been removed
along the line but no change has occurred in the vertical direction and
thus, if there are stripes in the image they will be more visible. Step
two applies an edge enhaoement using 'remove low' (see pp5l 53).
Since the low frequency information has now been removed, the image will
only contain stripes. Step three subtracts this image of stripes from
the original, and therefore produces a 'destriped' image.

Fig 21 illustrates the effect of this command on a Landsat MSS
band 5 image of the Venice area, shown in (A). A severe contrast
stretch has been used to emphasize the striping in the sea, and thus
parts of the land and the lower plume at Y, are saturated. The result
of applying the command using a 49*6 filter, is shown in (B) where it
can be seen that the stripes have been removed from the sea, and that
there is no visible change to the land data. Figs 21 (C) and (D)
illustrate two of the steps in the process described above. In (C), a
smoothing filter with 49 weights along the lin has been applied to the
original scene in (A). It will be noticed that most of the detail along
the line has been removed, so that the stripes are more prominent, but
large features (eg the sea) are still visible. Fig 21 (D) shows the
subsequent application of edge enhancement with a 1*6 weight filter
using 'remove low'. The grey level differences between large features al
have been removed leaving essentially the stripes alone. The last step
in the process described above was to subtract the image in (D) from the
original in (A) giving the result in (B).

By considering the two plumes at X and Y in Fig 21 (A), and the
natural horizontal feature at Z, the detalled effects of this process
can be examined. The plume at Y has almost no striping in (A) and none m
in (B). but plume X has 'acquired' some stripes in (B). Plume Y is
large compared to the horizontal smoothing filter (49*1 weights) and
therefore the smoothin operation does not cause stripes to spread into
the plume area. However, plume X is small and is straddled by the
smoothing filter, so that when the centre of the filter is within the
plume, part of the filter is outside. This causes some of the
information in the striped sea area to be included in the smoothizg
operation and hence stripes appear in the output image.
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Reducing the size of the smoothing filter will improve the
situation, but if it is made too small, then some of the real image
information will be suppressed. For exmple, the natural horizontal
feature at Z, has been slightly reduced in (B) even with 49 elements in
the smoot ng filter. A much shorter filter would remove the feature at
Z altogether.

Similarly, the size of the filter in the vertical direction is a
oompromise, but this time, it should be as short as possible to minimise
the modifioation of the real image information. It is suggested that
the size be such as to encompass one cycle of the striping structure.
Thus for a full resolution Landsat MSS image, with its 6 line structure,
the filter shnuld also be 6 lines in extent. Note that if the Landsat
image has been sampled then the filter should be reduced in proportion.
If a sampling of one line on the screen for two in the image has been
used, then the filter should be 3 lines in extent Cie 6/2).

If it is intended that a scene be stretched at any stage, it is
strongly r a that the destriping be done after the stretching,
thervby minimising the quactisation noise.

If the user is not sure how the image has been modified by the
destripimg operation, then simply subtracting the result from the
original, using the oommands in 'Arithmetio' (see section 5.10), will

~show the differences as in Fig 21 (D).

To operate the ocmmand, the user enters the store(s) to be
destriped, the store(s) for the result, whether all or part of the image
is to be processed and the size of the filter in the x and y directions.
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MIAN SMoM

SMAY

With this comn, the user ca smooth an image by replacing a pixel by the
median of that pixel and its eight Immediate neighbours.

MONAMD 321 EETAIL,

Ths filter is different from the previous ones in that, although a 3*3
window is passed over the image, there are no weights as such. The n.e
pixl within the windw are ranked in order of increasing intensity.
The lowest four and the highest four, are discarded, leaving the middle
or median intensity. If the filter is applied to the Idealised image of
Fig 17, the result is as shown in Fig 22.

Intensity along 48

43 -

40 _

I I II I I I I I I I I

Intensity

Inutensi ty along 46
lin.e AA after
me 1An soothitng

43

40

Fig 22 Emample of medan smoothing

The 'noise' pixel has been totally removed. and the edge haa been
preserved exactly. Ths might be ocsidered the 'perfect' filter.
However, had the 'noise' pixel been a point reflector in the field, this
filtering operation would have destroyed information. The use of thi
non-1lr process should be carefully monitored, by n ainin the image
produced when the resultant image is subtracted from the origina l.

Due to the high computational load on the system, this process bas
been restricted to a 3*3 window, and it baa been optimised to give a
reasonable performanoe for this one case. This filter can be applied
several times to remove small groups of noise pixels.
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(C) MEDIAN SMOOTH. THREE TIMES (0) 5*5 SMOOTH

FIG 23 MEDIAN SMOOTH EXAMPLE



Fig 23 illustrates the use of a median filter. The original image
in (A) is a Landsat 4 Thematic Mapper scene of the Mississippi River,
but in the top right quadrant 'noise' in the form of numerous white
pixels, has been ade. Applying the median filter removes nearly all
of these noise pixel as illustrated in (B). A further two applications
of the filter results in the removal of all this noise as shown in (C).
Using a 5*5 smoothing filter produces an image in (D), which looks
broadly siM1lar to (C), but the noise has not been removed completely,
and more of the real image information has been destroyed. In fact,
sinoe the noise has been smoothed as well. the whole of the top right
quadrant is brighter. Slicing (section 5.5) or classifying (section
5.8) the image in (D) would give incorrect results in the top right
quadrant due to the inceased brightness in the smoothed image. The
median filter produces neither of these defects in this case. Synthetic
aperture radar images have 'speckle' which has a similar appearance to
this noise, and it may be that a mian filter would also produce better
results than a smoothing filter.

If the image in (A) were classified (section 5.8), then an
indiviual field would generally not come out as one homogeneous class.
Careful emnation of the image reveals that there is a large variation
in the tone within one field, due to either missing crops or tracks
through the field, eto. For a general and use Lasfication, this
level of detail would be ezoessve. The images in (B), (C) and (D) show
a reduction in this detail, but the following points should be noted

1. MedIan filtering preserves sharp edges. Smoothing does not.

2. Small Inconsistent areas within an otherwise homogeneous region, are
replaced by a media filter. Smoothing will subdue such areas, but
will not completely eliminate them.

3. Median filtering will only produce those pixel values in the output
image, which existed in the original. Smoothing can introduce a
whole range of new values. This is most easily seen where there is
a large intensity change over a boundary, such as at the hanks of
the river in Fig 23. Dark Iad pixels and bright water pixels
contribute to a whole range of grey pixels at the boundary, when
image (A) is smoothed as in (D). Thus clasifLiers would produce
incorrect results.

4. Median filtering can be applied to a classified scene to remove fine
detail. Smoothing of a classified image would produce many errors
for the reasons in 3 above.
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LINE FIX

SUMMbARY

An image can sometimes have a defect where one or more, fu.l or part lines,
are missing and have been replaced with spurious data. This command permits
the replacement of such lines with the mean of the line above and the line
below.

COMMAND IN EETAIL

Every pixel in the image is compared with the mean of the pi ml
imediately above and below. If the difference between the pixel
intensity and the mean is greater than a user supplied 'rejection
number', the pixel is replaced with the mean. This process is shown
applied to the grey wedge in Fig 24 (A). Two defective lines have been
added, the upper one with an intensity of zero, and the lower with an
intensity of 150. An intensity scale has been added at the bottom of
the wedge. With a 'rejection number' of 40, 'LINE F=' replaces most of
the defective lines as shown in (B). Only in those places where the
difference between the defective line and the mean is less than 40, is
there no substitution. A smaller number than 40, would remove more of
the defective pixels, but would also remove some of the real image data.

Part of the Portsmouth scene shown in Fig 12 has been reproduced
in Fig 24 (C). with a simulated defective line at level zero. Using
'LNE F=' with a 'rejection number' of 40 makes the line almost
invisible in Fig 24 (D). Subtracting (D) from (C) illustrates in Fig 24
(E) that the process has removed most of the line with minimal
modification of the real image. As in 'IESTRIPE' tbs command is a
compromise, but when used carefully, it can remove the very distracting
defective lines with little damage to the image.

Having executed the primary command, the user is asked for the
store(s) to be fixed, the store(s) for the result, the area to be fixed,
and the 'rejection number' as described above.
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SCATTER DIAGAM

SUMMARY

Up to 4 two-dimensional scatter diagrams can be displayed where the number
of occurrences at a point is indicated by the intensity of the displayed
pixel. If this facility is used in oonjunotion with 'Density Slice'
(section 5.5), two-dimensional histograms can be displayed in oolour.

COMMAND IN ETAIL

It is sometimes instractive to examine how one spectral hand varies
relative to another. This is done for each pixel by plotting the
i intensity in one band against the intensity in another. If the two
ands are highly correlated, then where a pixel is bright in one hand,
it will be bright in the other, eto, and so the plot will be
approximately a straight line through the origin at 45 degrees to the
axes. Where the data are less oorrelated, the plot is spread out or
'scattered'. The more scattering the lower the correlation, and the

r more information can be extracted from the pair of bands when processed
together. It may be found that points are not simply scattered, but are
in fact collected in groups or 'clusters'. These clusters often
correspond to a particular type of feature within the image. e.g.Fi water, forestry, sandy beaches, etc. If one particular cluster is found
to correspond to forestry for example, then it should be possible to put
a box (or more complicated envelope) round the cluster in the scatter
diagram, and to highlight in the image all the pixels that lie within
that box. This is the basis of all 'classifiers' including box
(parallelepiped), cluster, maximum likelihood, eto.

The first secondaxy ocmmamd specifies the stores to be displayed
along the x and y axes of the scatter diagram, together with the store
to be usea tc hold the diagram itself. Since a scatter diagram has axes
from 0 to 255, it is possible to put 4 such diagrams on a screen which
is 512 elements square. Therefore, the quadrant in which the diagram is
to be displayed, is required. Finally, the image area to be used is
given, and the diagram is then written into the specified store with the
scale beld in overlay plane 3. If the exact co-ordinates of a point in
the diagram are required, then ,PT=. VALUE' within 'Contrast Stretch,
Histograms, Intensities' (see p32) can be used to find these,
remembering that the bottom left of the diagram has co-ordinates 0,0 and
the top right 255,255. The intensity of a point in the diagram is a
measure of the number of pixels at that point with the largest number
scaled to 255. Since the maximum number of pixels at a point may be
much larger than the smallest number (other than zero),, a non-linear
scale is desirable. In fact a square root scale is used. If the
mai.mum number of pixels at a point is N, this point would be at level
255, and so if another point had N/2 pixels, it would have a level of
255/(square root of 2). i.e. 180. ConsiAering this the other way
round, if a point is at level 64, then the number of pixels at this
point is (64/255) squared times the number at the maximum. i.e. 1/16
of the maximum.
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PRINCIPAL OCMPUETS

SUMMARY

This oommand applies the staard prinoipal oomponents analysis process to
between 2 and 16 stores. This prooess is also 1cnown as the Earhunen-Loeve
(K-L), Hotelling, or eigenvector transformation.

OMMAND IN ETAL

k
If I is the intensity of pixel i in row j in ba k,

i. j

E(I ) is the expected value (or mean) of the intensity in this band,
k

N is the total number of pixels, and n is the total number of hands,
then,

I 
I p .I

i,J iJ iJ

E(I) - - M , E(I.I) -
k N p

(I i j)
2 2 2 i,j 2

and o - E(I)-M - -M
k k k N k

The ovarianoe matrix C of this image is,

2
E(I. )- M .M .... E(I .I ) -M '

1 2 1 2 1 n1 n

2
c-C - E(I .I )- M a, .... E( I ) -M M

1 2 1 2 2 n 2 n 2

2
In i M .(I I M M .... n1 n 1 n 2 n 2 nn
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and the corresponding correlation matrix S is,

L ii o0

i j

Generally, there is some correlation between the bands of a
multispectral image, in which case the matrix S is not diagonal.
Principal components analysis requires a transformation of the original
data so that the matrix S is diagonal. This transformation matrix U is
omposed of rows of the eigenvectors of the oavarianoe matrix. First,
the eigenvalues are found by solving the characteristio equation

det(C-AI) - 0.

The eigenvalues are the roots of this equation, ie , ,

1 2 n
For each eigenvalue (X), there is an eigenvector (u) defined by,

CU U i- 1,2 .... n.
i ii

The transformation matrix is composed of these eigenvectors arranged in
rows and so if A, B, C, eto are the new spectral bands then,

1 A 1 11
ijij 1 ij

IB 2 2

ij ij 2 ij

N nn

Iij Iij Uni ij

The correlation matrix of this resulting image is diagonal and henoe the
bands are unoorrelated.
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The following example illustrates this mathematical operation.

PC1
BAND oBAND

5 Q 5 Q

S..

P

BA D 4 BAM4

(A) (B)j

Fig 25 Typical scatter diagrams

Consider the scatter diagram in Fig 25(A). The intensity of a
pixel P, in Lamdsat MSS bam 4, has been plotted against the intensity
of the same pixel in band 5. This has been repeated for pixel Q, and
all other pixels within the image and it oan be seen that these bands
are highly correlated. Thus a pixel which is dark in band 4 is also
dark in bad 5 (as at P) and similarly a bright pixel in bard 4 is also
bright in band 5 (as at Q). Hence all the plotted points lie on or near
the diagonal line at 45 degrees to the axes of the plot. As far as the
interpreter is concerned, the fact that the data are highly correlated, '
means that , having studied bard 4, he gets little further information
from looking at band 5. Fig 26 which is a Ia.dsat MSS picture of
Botswana (185/77) taken on 17-Jan-73, shows this point very well, there )
being very little variation between the four spectral hands.

Principal components analysis is designed to remove this
oorrelation by creating a new set of bands, each of which is made by
adding different proportions of the input bands (ie linear combinations
of them). This is illustrated in Fig 25(B). A .new pair of axes (PCI,
PC2) have been defined, created by rotating the original axes until PCI
lies along the direction of maximum variance of the data as shown. The
method by which the image PC1 is produced is approximately as follows.
The intensity of pixel S in PCi is the sum of part of the intensity in
band 4 and part of the intensity in had 5. If the PCI axis has been
rotated through 45 degrees, then the contributions of the two bands are
equal. If the angle is less than 45 degrees, then band 4 will
contribute more. Similarly, PC2 is formed by subtracting the intensity
of S in band 4 from band 5. Note that it is very difficult to see the
difference between points S and T in bands 4,5 and PC1, since the
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separtion of S ad T is very sml oemare to the total intensity
range of the daa. p subtle differenoe in intensity culd therefore
ble to the eye. However, in PC2 the separation of S and T is
about hal of the total range of the data in thi and and would
therefore be easily visible. Th illustrates that principal components
analysis oan often show subtle variations in spectral response wnich
would not normally be visible.

Ic the illustration, PC1 is the average of the two input i tntr,
and PC2 is the differene between them. Tl proess can be applied to
are than two nAe, using ithe fbollowing rules:

PCp is alone the direction of maotm variaoce.

PC2 is at right angles to PC1, a is alon the next direction ofmaxi mum varianoe.

PC3 is at right angles to both PCs and c , nd is alon the next
direction of main o varath.

PC4 eto.

Strictlye the rotation is not about the o int is about thee
of gravit2 of the distribution, or the point with the co-ordaltes which
are the mean intensities in each bad. Having performed thi rotation,~a number is added to each pixel value to put the mean at 128 in each of
the transformed azes. Finally a simple linear oontrast stretch is

applied to each principal o mxu ent to produoe a distribution with astnaddeviation of about 25. However, if the standard deviation of a
, prinoipal component before oontrast stretching is less "ban 2.5, the
~standard deviation of the output baned is set to ten times the input,

thereby keeping the noise in the output band to a reasonable level.
~Fig 27 shows the result of principal oomponents analysis applied

to the four bands of Fig 26. The following is a copy of the information
~which is pinted on the VIEU.

£LIIEAN OF INPUT BANDS
££ 57.0 70.9 71.2 32.4
f

f£SD OF INPUT BANDS
££ 6.6 11.0 10.1 4.7

flED OF PR=ICIPAL X1MJNENTS BE STRTCIN
£f 16.4 3.6 2.2 1.2
f£
ffEIGENVALUES SCALED O SUM MM 1
i 0.93258 0.04503 0.01713 0.00527
Li
ELPRINCIPAL CHPCINENTS AS COMlATIONS OF CRIG. BANDS
if 1 0.3542 0.6626 0.6072 0.2586
£U 2 0.8235 0.0430 -0.3325 -0.4576
i 3 0.3104 -0.7361 0.5991 0.0542
if 4 0.3162 -0.1317 -0.4024 0.8490
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The 'MEAN OF INPUT BANDS', gives the mean intensity values in the order
of the stores. In this case they are for bands 4,5,6 and 7. Similarly
the 'SD' numbers are the standard deviations for those stores, followed
by the standard deviations for the resulting principal components. The
next four numbers are the eigenvalues of the oovariance matrix, scaled
to sum to one, and in this example, they show that 93.258% of the
information is oontained in the first principal component, 4.503% of the
information is contained in the seoond, eto. Below 'PRINCIPAL
OMPC1TS ...' is the transformation matrix. The first eigenveotor is
(0.3542, 0.6626, 0.6072, 0.2586) oorresponding to the first eigenvalue,
0.93258, and similarly for the others. The numbers in this table imply
that a pixel in the first principal component is calculated using the
following rule:

0.3542 times the intensity of that pixel in Landsat MSS bAnd 4, plus
0.6626 times the intensity of that pixel in landsat MSS band 5, plus
0.6072 times the intensity of that pixel in Landsat MSS band 6, plus
0.2586 times the intensity of that pixel in Landsat MSS band 7.

Thus, the first principal component is approxmately the sum of the four
bands, the second is the difference between the visible and the infrared
bands, and the third and fourth are more of a mixture.

To execute this command, the user specifies the stores to be used
for the operation; the stores for the results; the area to be used to
produce the oavarianoe matrix and hence the transformation; and the
area in which the transformation is to be performed. Note that if no
result stores are specified, the eigenvalues and eigenvectors will still
be calculated, but the transformation will not be done. If fewer result
stores than input stores are specified, then only the first bands up to 71
the number of result stores, will be produced.

OVERLAY 4 SCATTER DIAGRAM

SUMMARY

The principle is the same as 'SCATTER DIAGRAM' (p6 5 ), but the area to be
used is defined by the contents of overlay plane 4.

COMMAND IN ETAML

By use of the graphics routines in 'Text and Graphics' or in
'Classifiers, Copy Bit Plane', or in 'Donsity Slice, Measure Areas', a
mask is put into overlay plane 4, such that only where the plane is at
level one are the pixels in the image planes included in the scatter
diagram.

OVERLAY 4 PRINCIPAL CONC SKNTS

SUMMARY

The principle is the same as 'PRINCIPAL CCMFUNENTS' above, but the area for
the statistics is defined by the contents of overlay plane 4. The detail is
the same as for 'SCATTER DIAGRAM' above.
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SUM1LARY

This ocmmand allows the user to magnify or reduce the size of an image by
integer or non integer factors, indepe-ently in both directions. It also
permits the reflection of an image about either or both axes. Resampling is
performed using nearest neighbour or 'inear interpolation.

COMAN IN BETAIIL

Magnification of a digital Image cannot be considered like a
photographio enlargement. A pixel displayed on the TV covers a mall
squae on the screen. Since the size of this small square is fixed, the
only way to magnify the image is to increase the number of small squares
per original pixel. For exmple, if there is an image of 256 pixels by
256 lines, it will cover only one quarter of the TV display. Magnifying
digitally by two in both directions, will result in an image of 512
pixels by 512 lines which will cover the whole screen. Digital
magnification therefore increases the number of pixel, and the

-' resampling methd defines the values given to these pixels, as described
below.

LConsider the start of the first line of
an image, where A, B, aMd Care the A B C
intensities of the first three pixels
and also mark the oentres of the pixels.

If the image is magnified by two in the
x direction only, then for each input pixel
there will be two output pixels, with a Ib o f
intensities a,b,o.... which again mark
the centres.

To determine the pixel intensities at
a,b,o,..., the output pixel oentres are
superimposed on the original. For nearest a A b o B d e C f
neighbour interpolation, point a, since it
lies within pixel A, takes on the value
of A. similarly, b takes the value of A.
Point a is within pixel B and hence takes
the value of B, and so on.

More generally, for a mag-iufication by a 1.1 1
factor m. the centre of the first pixel. 2 m
a, is at a distane 1.1 from the edge

m2of the input pixel. and the spacing is a.A b B o
1 of the input pix-el.

For nearest neighbour interpolation, the
program simply determines which old plxel A b B
contains the new point. For bilinear--
interpolation, the value of the output p q
pixel is found as follows.



74

If p and q represent the distances from point b to A and B respectively,
then

Intensity at b - (Intensity at A) . q + (Intensity at B) pp+q p~q

It is therefore assumed that there is a lina change from pixel A
to pixel B and b takes a value in proportion to the distances from A amd
B. It is not possible to apply this equation to point a, since there is
no pixel to the left of it. (A is the first pixel in the line.) Pixel
a, simply takes the value of A.

The following exaple, using the IdealIsed image of Fig 17,
illustrates the two resampling techniques.

Tztnsty

Intensity along 48tniy.cientre section of '
the lir AA in
Fig 17 (p48). 43

46
using a magnification
of 1.33, and nearest
neighbour resampling. 43
Note that there are
four output pixmel'
for each three input 40
pixels.-

4 Intensity *
Intensity along 46
Lime using a 45
magnification
of 1.33, and 43

resampling. 41

Fig 28 Examples of resamplIng used in magnification
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Nearest neighbour resampling does not introduce smoothing or any
intensities that did not previously exist, but it does distort shapes
(eg the distance from the field boundary to the noise spike is now
less). on the other hand, bilinear interpolation introduoes new
intensities that did not previously- exist, but it does not distort
shapes as much. (eg the field bounary is still essentially in the sae
position). There is also a smoothing effect (of smoothing example in
Fig 17, p48), but edge enhancement will help to oorrect this.

The description so far has been for magnification along the line.
For 2-D magnification, the resampling is performed first along the
lines, and then down the columns, for both resampling methods.

After the primary command, the user gives the stores to be
magnified and the result stores. The ares to be magnified is next
specified as the whole screen, a part of the screen (fixed using the
rolling ball and the 'CMG' button as usual) or the last specified area.
The maximum area to be covered by the magnified result is next given,
using the rolling hall to change the position and size of the rectangle
on the screen. When 'INPUT' is pressed at the end of this operation,
the magnification of the input area which just fills the output area, is
displayed on the terminal. Following the choice of interpolation
method, the user is asked for the magnification required in the x
direction. Using the rolling ball the magnification factor at the
bottom of the screen can be varied. A number greater than one will
result in an enlargement; between zero and one will result in a
reduction; equal to zero will result in the use of the magnification
shown on the terminal (this saves having to re-enter this number); and
a number less than one will result in a reversal of the image as well as
the enlargement/reduction.

There is a sall bar above the number on the screen. If the
rolling hll is moved to the right, then the number is incremented
starting at the digit below the bar. Moving the ball to the left causes
the number to decrement. If 'CH ' is pressed, the small bar can be
moved to the left or right. This is useful if a number with many digits
is to be entered, since the two least significant digits could be
entered, the bar then moved to the left and the next two digits entered,
eto. If 'C9NG' is pressed again, the decimal point is moved by the
rolling ball. These three operations of chang a number, moving the
bar and moving the decimal point, cycle round continuously, and so
decimal numbers with many digits can be entered quickly.

Exactly the same operation is performed for the y magnification,
and when "INPUT" is pressed, the oommand is executed. If the magnified
image area is less than the whole screen, then the rest of the image
area is unmodified. Similarly, if the whole screen has been specified,
but a magnification less than that required to fill the screen is used,
part of the image area is again unmodified. Finally, if a magnification
greater than that required to fill the area is specified, then the
output image will start at the top left corner but will be truncated to
the right and the bottom so that it fits the area allocated.



76

5.7 i near Filters

The oo mands within this chapter permit the creation of a wide range of
filters with sizes up to 5 by 5 weights, and the subsequent applioation to an
image. Apart from the restriction on size. there is much greater flexibility in
the definition of a filter in this chapter, than in 'Maths operations'.
However, the user must be quite familiar with filtering operations before using
the filters in this chapter, since there is a much greater possibility of
producing misleadin results.

When creating a new filter, it may be helpful to analyse its effect using
the following approxmate method.

Consider a I-D image where the intensity, 1,
varies as a function of position, x.

x

A digital image is a sampled version of this, S
and can be considered as the product of the image
and a set of delta-functions separated I
by the pixel spacing, which corresponds
to the Nyquist sampling frequency f.

Thus S - I . (....+S(x-1) +,(x) +S(x+l) + ... ) x-1 x-O x-1 X-2

Similarly, the filter can be considered as a set o a o
of weighted delta-functions with the sae
spacing as the digital image. For simplicity,
a three-weight symmetrio filter oentred on x - 0
is used in this example.

x-I x-O x-+l

The filtered version of the image is thus I - S * (filter)

On performing a Fourier Transform (FT), the convolution (*) is changed to a
multiplication, so that

FT fS * (filter)) - FT {S) . FT (filter)

Hence, in order to analyse the modifying effect of the filter on the frequency
response, it is simply necessary to examine the Fourier Transform of the filter.
In this simple example,

-2mif 0 +2Lf

FT (o.S(-i)+ a.L(O)+ o.S(+1)) - o.e + a.e + o.e

- a + 2.o.oos(2=f).
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The easiest way to consider a filter with an even number of weights, is still to
centre it on x - 0. Thus a two-weight filter has the form,

(b.S(-O.5)+ b.S(+0.5)), the FT of which is 2.b.oos(trf).

This filter is not strictly permissible, since it is not possible in GEMS to
place filter weights at non-integer pixel positions. However, this approach
avoids the need to consider imaginary sines, and the only difference is that
there is a displacement. (of the filters in 'Maths operations' which shift the
image by 0.5 of a pixel for filters with even numbers of weights). The general
form of both frequency responses is the same.

In the following table, the complete set of I-D symmetric filters up to
five elements is given, with the corresponding Fourier Transforms.

FILTER FT

E~1 a

2.b.oos(nf)

o IZ0 1 a a + 2.0.cos(2f)

I d I b I b I d I 2.b.cos(if) + 2.d.cos(3=f)

e I o I a I a ( e a + 2.o.oos(2ftf) + 2.e.cos(4=f)

Table 7 The set of 1-D symmetrio filters

To produce a filter, all that is required is to choose the numbersGa,b,o,d,e. Usir, the method outlined above, the response of the filter can then
be examined. The following pages give some examples of filters, their transfer
functions, and the effects on the computer generated image shown in the top
strip, labelled 'NO FILTER', in Fig 29. This image is in nine sections. The
leftmost section consists of a column of pixels at level 0, followed by a colum
of pixels at level 255, eto. This corresponds to the highest possible frequency
that can be correctly recorded in the digital image. (It is assumed that there

F is no aliasing.) This frequency is in fact half the Nyquist sampling frequency
* and is thus f/2, with a corresponding wavelength of two pixels. The next

section to the right is a sampled sine wave with a frequency of f/3 and thus a
r wavelength of three pixels. The sampled sine waves in the following sections

have frequencies down to f/10, or a wavelength of ten pixels. These patches of
pure single frequenoies, cover most of the range of interest in a typical scene,
when it is examined for patterns, texture, and edges.

The examples of filters have two items called scale and offset, associated
with them. Each filter weight (which is restricted to integer values) is
divided by 'scale' thereby permitting fractional weights. The offset number is
added to the result at the end of the convolution and is generally used to shift
the origin 128 levels to cater for negative weights. All the frequency response
curves have the same horizontal scale which is annotated only on the first
graph.
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Filter in Fig 29 Frequency response Comments

A-Low pass 1 At f- 0.33, half power, slope- -2.72
1 Affects only high frequencies.

Scale - 2 Gentle slope.
Offset - 0 0 0.125 0.25 0. 33 0.5 Frequency

8 4 3 2 Wavelength

B -Low pass 1 . At f- 0.21, half power, slope= -4.06
1 1 Affects mid and high frequenoies.

Scale - 3 Steep slope, but above f- 0.33, the
Offset - 0 I phase is inverted and gain is not £

equal to zero.

C - Low pass 1 At f- 0.25, half power, slope= -3.14
1 2 !- Affects mid and high frequencies.

Scale - 4 I Moderate slope.
Offset - 0 I Note this is A * A.

D - LOW pass 1- At f- 0.18, half power, slope- -4.04 J

1 4 6 4 1 Affects mid and high frequencies.
Scale - 16 Steep slope.

Offset - 0 I Note this is C * C.

E - Low pass I At f- 0.13, half power, slope- -5.47
Filter D Affects 'lowish' to high frequencies -j
followed by Very steep slope. This is the same
filter D as a single nine-weight filter.

G-High pass I- At f- 0.17, half power, slope = 2.72
Affects low frequencies.

Scale - 2 Gentle slope.
Offset - 128 I

H- High pass 1. At f- 0.25, half power, slope - 3.14
-1 2 -1 Affects low and mid frequencies. L
Scale - 4 Moderate slope.
Offset - 128 Note this is C * G.

I -High boost 1 - This is half of the original image
-1 6 -1 . added to half of the image convolved
Scale - 8 with filter H. This is edge
Offset - 64 i enhancement.

J - Hi'h pass I-i- At f- 0.32, half power, slope - 4.04
1 -4 6 -4 1 Affects low and mid frequencies.

Scale - 16 Steep slope.
Offset - 128 Note this is H * H

K - High pass 1- At f= 0.18, half power, slope = 4.04
-1 -4 10 -4 -1 Affects low frequencies only. It is
Scale - 16 like filter J but the half power
Offset = 128 - I point is changed.
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Filter in Fig 30 Frequency response Comments

L - Bandpass 1.. At f- 0.125 and 0.375, half power.
-1 0 2 0 -1 Affects high and low frequencies.
Scale - 4 Note this is C'H
Offset - 128

x - Bandstop 1 . At f- 0.125 and 0.375, half power.
1 0 2 0 1 Affects the mid frequencies only.

Scale - 4 This is the original image lessL Offset - 128 I the one filtered with L.

N - Badstop 1. At f- 0.091 and 0.409, half power.
Filter M Aftects the mid frequencies only.
applied but over a wider bandwidth than
twice filter M.

P - Bandstop 1. At f- 0. 159 and 0.341, half power.
V Original Affects the mid frequencies only,

less filter centred on f- 0.25, but over a
L L naower bandwidth than filter X.

-EBandstop 1 At f- 0.0685 and 0.225, half power.
Original Affects the mid to low frequencies.

I less 4 convs Sim air to P but centre of filter
of E and K shifted to lower frequency. (0. 141)

The last group of filters are concerned with filtering 2-D images. The test
image is made in the sa way as the previous one, but the frequencies in the
patches run in both vertical and horizontal directions. Thus the first patch is
made by taking an image of black/white columns, and multiplying it by an image
of black/white rows, producing an image of dots. The horizontal and vertical
frequencies for this patch are both f/2. In the subsequent patches, the
horizontal frequencies are f/3, f/4, f/5, f/6, f/7, f/8, f/9, and f/10, and the

~ vertical frequencies are f/2, f/4, f/4, f/6, f/6, f/8, f/8, and f110.

Filter R (same as C) shows that the image is only modified in areas of high
horizontal frequencies, irrespective of the vertical frequencies, and the
output tends to zero at a horizontal frequency of 1/2. This illustrates that
a 1-D filter affects frequencies in both directions.

Filter S (same as H, ie high pass), suppresses all low frequencies. It is only
at high horizontal frequencies, that any vertical information is passed.

Filter T is filter H convolved with filter C rotated through 90 deg. It is a
horizontal high pass and a vertical low pass filter. It is similar to filter
S, except that the image is suppressed in areas of high horizontal freqaency.

Filter U is the sane as filter T but rotated through 90 degrees, thereby
passing high frequency vertical information but suppressing high frequency
horizontal and all low frequency information.

Filter V illustrates that 2-D filters can be applied sequentially. and here

filter U was convolved with the image four times, thereby losing all but the
extreme high frequency vertical information.
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With these examples, the user should be able to design many smoothing (low
pass), differentiating (high pass), bandpass and bandstop filters. Filters A to
X are 1-D and they may be convolved with themselves and others to produce 2-D
filters (eg T,U and V). For example, filter T is made from filter H convolved
with filter C rotated through 90 deg as follows:

(1/4) .-1 2 -1 (1/4). 2 - ).(o2 4-2 1 .
(0 0 0)\ 14 (0 0 - (1/16) 1 -2-1
001 1 0 0 -1 2 -1 0

a00 00

using the definition of convolution on page 44. The terms (1/4) and (1/16) are
the 'scales' defined on pages 78 and 83.

A command in this chapter also permits the rotation of a 1-D or a 2-D J
filter, to any desired orientation. Thus a filter may be defined in the easiest
orientation and later rotated to enhanoe or smooth in the desired direction.
Rather then convolving two simple filters to make a more complicated filter for
application to the image, it is equally possible to convolve each simple filter
with the image in turn. This is because Convolution is commutative in that,
given two filters, F1 and F2 and an image IN, U
FI * (F2 :I) - F2 * (FI * I) - ( . I* 2) * IM.

Filters can also be added together, to produce another family of filters,
since convolution is distributive, is

(FI * "I) + (2 * "I) - (F1 + F2) D". *M

Filter I has the same effect as adtin half of the original to half of the image
convolved with the filter H on page 78.

ie (H 8 iM)/2 + IM/2
- (H * IM)/2 + (1 * 3i)/2 where '1' represents a filter having

one in the middle and all other
elements zero. This is called the
'identity' filter.

- (H + 1)/2 * :I
- ((-1,2,-1)/4 + (0,1,0))/2 * I where '4' is the 'scale'.
- ((-1,6,-1)/4)/2 * :I
- (-1,8,-1}I8 ' Di
- (filter I) a IM.

Similarly, filter K, which is the origi-al less the image convolved with
filter D. is

(1 • M) - IM z)
- (1-D) • ni
- ((oo.1.0,o) (1,4,6,4,1/16) D I
- (-1,-4,10,-4,-1)/16 I
- (filter K) D IM.
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=amples A, C, D, and H illustrate that as the smoothing filter becomes
longer, the half power point tends towards lower frequencies and the slope
increases. Equally for the differentiating filters, G, H, and J, the half power
point tends to higher frequencies and the slope increases. By subtracting a
smoothed image from the original, a differentiating filter is produced, but in
this case the half power point tens towards the lower frequencies as the filter
size is increased. An example of this is filter K, which is the same as the
original image less the one smoothed with filter D. Rim l arly, a high pass
filtered image can be subtracted from the original, to produce a smoothed image.
Thus, there is considerable control over the position of the half power point
and the slope. Slopes oan be increased by allowing the frequency response curve
to become negative as for filter B. This negative gain, or phase reversal is
often unimportant, but a further filtering operation can remove the problem. eg
filter D applied before or after B would remove all the hig frequencies.

A beadpass filter can be produced by suooessive convolution of the image
with high and low pass filters. A hamdstop filter can be made by subtracting
the baidpassed image from the original.

The following more complex example shows how a low frequency bandpassF_ filter can be formed. The low pass part can be made from filters A, B, C, D or
E, or from the original image less G, H or J. Steep slopes are often desirable,
and hence D or E would be best. By the s argument, the high pass part is
best made by subtracting a low pass filtered image from the original. Thus for
a pass band with a centre frequency of 0.18, the image could be filtered with D,
Subtracted from the original Cie high pass) aM filtered again with D. These
stages can be examined with the help of Table 7. Filter D has a frequency
response of

4
(1/18) . (6+8.oos2f+2.os4}f) - oos =f.

4 4
The baMdpass filter is therefore 008 Mf. (1-oos if),

O which happens to be filter D followed by K. More generally, a ba.dpass filter
can be written as

n m
008 2.(1--os MT).

This function should have a turning point at the centre frequency, whichP implies that
m m

n - m.oos -Vf/(1-oos f).

For a centre frequency, f, 'm' oan be chosen, ad 'n' is then given by the above
equation. If 'n' equals 'n', the overall filter is symmetric. Attention should
be paid to the scales aMd offsets to ensure that the filter has a gain of one at
the oentre frequency. Thus for the above example, filter D is applied first
with a scale of 16 aMd an offset of 0 as before, but the scale for filter K
should be 4, with an offset of 128. The six-line bendln of Landsat MSS images
has a baslo frequency f - 1/8, aMd can be matched reasonably well with m - 4 aMd
n - 5 (should be 5.14), ie filters D, A, aMd K.

More complex filtering operations than illustrated in this exmple, should
be performed using Fourier transforms (see chapter 5.12).
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There are many filters which appear to be less amenable to ths form of
analysis. For example, the simple Laplacian filter

10-1 0

Sinoe the filter is symmetrio, the two linear filters required to produoe it,
should be of the form,

x.(l,a,l) an. a where 'x' is the scale.

convolving these two, results in the top left element being x.x which can only
equal the top left element of the Laplaoian if x equals 0. However the
convolution process is distributive and therefore this filter can be decomposed
to,

-1 2 -1 + 02 0

Thus the Laplacian filter produces the same result as oonvolving the image with
the left 1-D filter above, and adding this image to the one produced by
convolving the original image with the right 1-D filter. The frequency response
of the Iaplacan is the sum of the frequency responses of the separate filters.

Summarisin , if filter A is oonvolved with filter B to produce C, then the
frequency response of C is the product of the frequency response of A and the
frequency response of B. If filter A is added to filter B to produce C, then
the frequency response of C is the sum of the frequency responses of A amd B.
Any combination of sums amd oonvolutions is allowed.

The frequency response of the Laplacian is therefore,

(2-oos2=(z)) + (2-2oo (y)) - 2.(2-oos;=f(x)-cos:2f(y)).

where f(x) and f(y) represent the frequencies in the x and y directions. It is
difficult to visualise this frequency response since it is 2-D. However, a few
points can be exanined. At f(x) - f(y) - 0 , the output is 0.

At f(x) - 0, the output is 2-2oosif(y).
At f(x) - 1/2, the output is 6-2oos '(y).
At f(x) - f(y) - 1/2, the output is 8.

An image of the frequency response oan be made, where the intensity, 1, at
a point x,y on the soreen represents the filter response at f(x) and f(y). Thus
if

I - 64.(2-oos=Xp 1) - oos(512-Ypos} )
255 255

an image of the frequency response will result in the bottom left quadrant of
the screen. (See the Arithmetic chapter for details on the functions used in
this equation.) The '64' is simply to make the maximum value of I equal to 255
in the image, which is shown in Fig 31 at the top left. At the top right, the
image has been sliced at eight levels, to show the locii of equal responses. At
the bottom left, the 3-D display facilities in the Text and Graphios chapter,
have been used to make an alternative, which may be easler to visualise.
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Fig 31 Filter responses
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To determine the response of a filter at a particular pair' cf frequencies,
f(x) and f(y), the command 'P=. VALUE' in the Contrast Stretch chapter (page
32) is used on the image of the response (eg Fig 31 top left).

For this example, f(x) = 0 at x - 1, and f(x) = 1/2 at x = 256
and f(y)-0 at y-512, and f(y) =1/2 at y - 2 57.

Suppose the response is required at f(x) = 1/4, and f(y) = 1/8, the cursor is
put at

x - 1+(256-1)/2 - 129 and y - 512 + (257-512)/4 = 448.

Thc intensity at this point is 82. Since the image intensities were multiplied
by 32 to make most use of the intensity range, the filter response at this pair
of frequencies, is 82/32 - 2.56. Solving the equation 2(2-oosnf(x)-cosn:f(y))
produces the answer 2.59, the small difference being due to quantisation errors.

Another example of an omnidirectional edge detecting filter is-1 - (0 0 ) -( 11
8-1 0 9 0 1 1 -3 9- (1 1 1) 1
-1 0 U 1

the frequency response of which is 9 - (1 + 2cos2=f(x)).(l + 2costf(y)).

A sliced 3-D version of this is shown in Fig 31 at the bottom right, and
it will be noted that the maximum response does not occur at f(x) - f(y) = 1/2,
as in the Laplacian, but at f(x) - 0 and f(y) = 1/2, and vice versa. Both these
filters can be used for omnidirectional edge detection, but the former is better
for enhancing individual points whereas -he latter is better for enhancing the
edges themselves.

There are a great many 2-D filters with 3 by 3 weights, and some of the
~ following examples have been taken from the books in the bibliography. Their

effects on the image can be analysed using the procedures already described.

L Omnidirectional smoothing -

1/9 1 /10 1112I 1/16 •2 4 2
1111 1 1 1 2 11

V Directional smoothing -

1/3 1 , 1/4 .1 2 1'
0 0 0 10 0 0

Omnidirectional edge detection -

-1 4 -1 -1 8 -1 , -i 4 -2.
S0 -1 0 -1 -1 -1 -1 -2 1

Ormidrectional edge enhancement -
-11/2 . -1 .

-I-1 -I -1 -1 -1
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Directional edge enhanoez'ent -

- 3 -I1 1/3 -1 3 -10 0 0 -1 3-1

Compass gradient -
I1 1-1 1-

1-2 - 1 -2 -1 -1 -2 1-

(West) (N. West) (North)

Line detector -

1 0 - -1 2 -0
1 0 -1 -1 2 -1

0 0I 1/ . 0 I I), 0 1)0.

0O 0 0 0 0 0 0 0 0

to the left to the left to the left

Region grcing/shrink.Lng 
by one pixel, 

by 1/2 pixel. 
and down.

I 1 1 1 9 (7 21 2).
(0 1 0 III0 1 0 -

The last filters are used with images having limited grey levels. For
example, the result of a classification process (see chapter 5.8) may be an j
image of two classes, with class 0 at level 0, and class 1 at level 1. Using
the first region growing filter, results in the following output:

ODt7ut = 0 to 4, class 0 centre pixel, surrounded by 0,1,2,3,4 class 1 pixels.

&',tut = 5 to 9, class 1 centre pixel, surrounded by 0,1,2,3,4 class 0 pixels.

If the resulting izage were sliced, where,

Slioes I & 3 (colour of red - 0) cover intensity levels 0,1,2 and 5,6,
Slices 2 & 4 (colour of red - 1) cover intensity levels 3,4, and 7,8,9,

then the effect would be the same as a medtan filter, and for exazple, spots of
class 0 in an area of class 1 would be removed. Changing the slices to,

SLices 1 & 3 covering intensity levels 0,1,2,3 and 5,6,7,
Slices 2 & 4 covering intensity levels 4 anz 8,9,

wcu!d cause class 0 to grow and class I to shrink.
The middle example of the region growing filters is again for a binar&-y izmage and
the last one is for a 3-level (or 3 class) irage, the levels being 0,1,5. the
slicing is of course much more ccmplicated for this last filter.
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lHOLE 01 -o

EXTRRCT 02 02

PART 03 .. 03
DEFINE EXTRRCT D4 04

L FILTER , -LAST ONE 5:,

SYMMETRY L O
FILTER 8 8

I MAGE .

L SAVE 1
FILTER 1 2 1 12 12

RESTORE 2 4 2 . 13FILTER _1_4 4

SHIFT & 1 2 1c 15 . 15
ROTATE 1 .

SIZE 3 SCRLE 16 OFFSET 0 E 05 0_RErD -- )D6 )6
I MRGE TL P[X TiL 1/4 TOP TOP F 07 07

LEFT RIGHT 07 07r NR I TE TOP 1/2 LEFT 1/2 G DS 08F RIE T ROW LEFT 50T DOT -_

MGE TPL LEFT RIGHT H "END

STATUS HELP RETURN I MAGEJ
INPUT FOR COMMRND OR QUIT

Fig 32 Tto "Li.&.: Filters' page
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I)EFMV F11=E

SUMMARY

A filter of up to 5 by 5 weights can be specified using this onmmand. The
weights can be made fractional by dividing by 'scale', and a constant can be
added to the final image to permit the use of negative weights.

O HMAoD IN LETAIL

The size of the square filter up to S by 5 is first requested. Weights
can be left as zero if non-square filters are required. Having pressed A
/ INPUT', a cursor appears within the filter. This is moved over the
weight to be specified, using the rolling 1al. Alternatively, if
'CH' is pressed the cursor moves to the net weight in the filter.
With the cursor over this weight, the '11NPUT' button is pressed, and the
rolling ball is moved to set the positive or negative integer value of
the weight. Pressing the 'IN-PUT' button again allows the user to move
the cursor to specify another weight, and so on. A weight can be
redefined and a weight which is not specified by the user, is assumed to
be zero. When complete, the 'QUIT' button is pressed to exit from the
filter patch. It is now necessary to give a 'scale' or the integer
number which will be the divisor of each weight. A number is suggested, [
based on the weights that the user has put into the filter, but it can
be changed with the rolling hall. Having pressed 'IPUT', the 'offset',
is specified in the same way. This number is addled to each pix of the
output image to remove any negative intensities. One more press of
'I1FT' completes this operation. Having specified a filter, 'DEFME
FMLTE' can be used again to change one or more of the weights, scale or fl
offset without affecting any other term. If the filter is symmetric,
time can be saved by uig the 'SYMMERY' command below.

SUMARY 
r

If there is symmetry in a filter, this command will replicate weights, lines
of weights etc. so that filters can be defined quickly.

CXH2D lN EEMAIL

The only item required is the weight(s) to be replicated.
TL PIZ - The top left weight is copied into every location.
TOP 1/2 - The top half of the filter is copied into the bottom half.

If there are 5 rows, the top two rows are copied into the
bottom two. and simllarly for 3 rows.

TOP ROW - The top row is copied into every row.
TL 1/4 - The top left quarter is copied into the other quarters.

If there are 5 rows, only weights from the top two rows
are copied, etc.

L =r 1/2 - The left half of the filter is copied to the right.
If there are 5 columns, only two are copied, etc.

CCL - The leftmcst ocolu- is copied into every colu=.
Having chcsen the required option with the cursor. the 'MT ' button Ls
pressed and the weights in the filter are cha-ged.
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F1LTE InAGE

SUMOAR

The filter shown in the menu is applied to the image(s) with this ccmazd.

CCHMAND ni LEEAIL

The only secondary commands define the stores to be filtered, the stores
for the results, and the area to be filtered. This area is specified as
the whole area, the part area inside the rectangle, (the position of
which can be changed with the rolling hall, and the size of which can be
varied by pesn '=G' and moving the roliIn ball), or the last area
specified.

SAVE FII=

SMARY

This command enable a user defined filter to be stored in the host

L computer.

F The letter used to identify the saved filter has to be chosen. A line
of up to 70 text characters can be inserted at the terminal, and this is
stored as a descriptor for the filter. If no text is required, 'flFUT'
is pressed. The filter weights, the scale and the offset are also
stored.

SUMA~rY

This command enables a previously stored filter to be retrieved. The header
text appears on the terminal screen.

__ AND R YATE

Using this ccmmamd, a filter created using 'IEZ' N F=Z."' or a restored

filter, can be shifted in the x or y direction, by integer or fractiona:
amounts of one pixel spacing. The filter can also be rotated.

CMMAMD lN ZEA=l

The shift in the x direction is required first and a number are.rs cn
the screen with a sll bar above it. If the rollIIn ball is moved to

the right, then the number is incremented starting at the d4git be! .

the bar. Moving the ball to the left causes the nunber to dacremer.

If '= ' is pressed. the s--.ll har can be moved to the left or r-.

This is useful if a number with many dIgits is to t.hen be entered, s_=ce
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the two least significant digits could be entered, the bar moved to the
left and the next two digits entered, eto. If 'CMM' is pressed again,
the decimal point is moved by the rolling hll. These three operations
of changing a number, moving the bar and moving the decimal point, cycle
rond continuously, eabl n decimal numbers with many digits to be
entered quickly.

The shift in the y direction is ne t entered in the same way, amd
finally the rotation angle in degrees is given. A rotation of 90 deg
will cause a filter weight right of centre to move to above centre, ie
rotation is positive in an antlolockwise direction.

It is assumed that the filter is surrounded by weights all of
which are zero. Thus if the filter is moved one pixel to the right,
there will be a column of zeros a6t the left. The shift command is most L
useful for fractional pixel shifts. A sina function is used to resample
the filter; weights outside the area of the filter patch on the screen
are discarded. This implies that, for example, a rotation of +12 deg
followed by one of -12 deg, will not normally result in a filter having
exactly the same weights as the original. Therefore, rotation should
only be applied once. If, for example, an edge enhancement filter is to
be applied at 15 deg. 30 deg, 45 deg ...... to produce a set of images
with enhancements in different directions, the hasio filter should be
saved, and should be restored each time for each rotation, rather than
rotating 15 deg, applying the filter, rotating 15 deg again, etc. .

READ MlA j
SUIMARY

This ccmmnd allows the user to extract a patch from an image and write the
numbers into the filter array.

The only rquirements are to specify the store to be read, and to place
the box over the area of interest, using the rolling bal. The size (up 2
to 5 by 5) of the box can be varied by pressing '=' and using t!e
rolling ball.

SMJ!a 4ARY

This ccmamd is the inverse of PEAD M<ME in that a patch of up to 5 by 5
elements can be Inserted into the store specified by the user.
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5.8 Classifiers, Copy Bit Plane

In 'Density Slioe, Measure Areas' (section 5.5) it was suggested that in a
black and white image, a particular feature may be characterised by a certain
shade of grey, Cie water may lie between black and dark grey in many images).
However this simple rule may result in many errors. In this example, some areas
of water may lie outside the range black to dark grey, and other features e.g.
shadows, may lie within the range giving errors of both types, i.e. excluding
some of the required feature and including parts of other features. This
density slioe could be performed on a second image (spectral band) where it may
be found that different parts of other features are included and are thus
erroneous. If the second slice is applied only to the areas sliced in the first
band, there should be an improvement in the number of errors introduced. This
process could be repeated for all the spectral bands (up to 16 in GEMSTONE) but
it would be very tedious. Classifiers allow the user to do this multi-band
selection with the minimum of effort.

There are three different types of classifier in GEMSTONE, presented here
in increasing order of complexity, theoretical accuracy, and time of execution.
They all require the user to identify one or more 'training areas'. For example
if a sall box is put totally inside an area which is known to be woodland, the
box would enclose a arafor woodland. The three classifiers use the
information differently, but ultimately produce images of areas having similar
spectral characteristics to the training area. For this example, all the
classifiers should produce images of the areas of woodland.

In the case of the box clssifier, having been supplied with these
training areas, the system will e.mine only pixels within these areas and will
produce histograms for each spectral band. Consider the classifier orerating on
only one band, initially. As illustrated in Fig 9 (p22), a histogram is likely
to have long 'tails', and in this one, the bulk of the data is between 50 and
150, with tails between 25 to 50 and 150 to 200. A simple density slice from 50
to 150 would include the bulk of the data. If in the same image, there is a
much brighter 0lass with a distribution oentred on 200 say, then the lower tailU of this distribution will overlap the upper tail of the previous one. Extending
the slice limits of the previous one to 25 and 200 will therefore add a few
extra correct pixels in the tails, but will add many incorrect pixels from the
brighter class. Henoe the tails of the distributions are saorifioed to reduce
the errors, and for this olassifier 1% of the distribution is neglected in each
tail. A single band classlfication is a density slice where the limits are at

. the 1% and 99% points of the histogram of the tralnin data. When the
classifier has been operated, these numbers appear on the chapter page alongside
the corresponding store number. For a multi-band image, this process is
repeated so that a pixel is included in a class only if it passes the separate
tests in all bands.

In the case of the discrete classifier, the pixels in the trainln area
are not treated as samples of a more general distribution. Each pixel is
treated as a separate training area, and the whole image is examined for pixels
that have exactly the same intensities in all the bands, as one of the pixels in
the training area. For example, if there is a single hand image and only four
training pixels with intensities, 1, 3. 4. 6, the classifier will only select a
pixel in the image if the intensity of the pixel is 1, 3, 4, or 6. If there is
a mall number of pixels in the training area, the process is too
discriminting. In such oases, a =&all n-dimensiona.l box is constructed around
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each pixel and the size of this box, can be changed by the user. If the box
size is 2, the total intensity range (0-255) will be divided into 128 groups of
2 intensity levels. ie 0/1, 2/3, 4/5, 6/7, eta. Thus for the example above,
the training pixel with intensity I lies within group 0/1, and hence any pixel
in the image with a value of 0 or 1 will be classified. Similarly trainin
pixel values of 3, 4, 6, lie within groups 2/3, 4/5, 6/7, respectively, and
hence any image plxel in the range 0 to 7 will be classified. For a box size of
three, there are 86 groups (ie 0/1/2, 3/4/5, eto).

This olassifier therefore considers the training area as the complete set
of individual pixel values, and will give good results where large traininm
areas are used, and/or where the user is sure that the training area contains
all the pixel values required. Unlike the other two classifiers it will operate
on a multi-modal distribution. For example, in a mixed woodlamd with individual
trees, which are spectrally quite different, it will search the image only for I
those particular pixel values. The other classifiers treat these samples of
many separate distributions as samples of one, and the results are inferior.
The difficulty with this classifier, is in ensuring that the training area U
actually oontaims pixels with all the values of interest.

For the maximum Likelihood classifier, the pixels of the tralning area are
treated as samples of a class, which is assumed to have a Gaussian distribution.
From statistioal theory, the probability density function of such a distribution
is *-

__n ..1._xX-M) .C .(x-M)
2 2 2

Den(X) - (2i) . det(C) e ,.-

where C is the oovarianoe matrix of the traim area (see page 66 for the
definition of the covariance matrix), M is the intensity vector of the mean of
the trainng area, n is the number of bands or dimenpins, and X is the
intensity vector of a pixel in the class. The likelihood of observing one
single point X, given that the pixel is in the class, is also the same function.
Note that this is not the probability, since the probability of observing a
pixel within a given range of values is the integral of Den(X) over that range,
the probability of observing a single value is the integral of Den(X) over zero
range, and is thus zero. It is convenient to use the log form of the
lilkelhood, Lik, as in

-1
log{Lik(x)) - -n.log(2z - 1.logdet(C)) - 1.(x-X).C .(X-M) - (3).

The first two terms on the right hand side are constant for one trainng area,
and the l term is a measure of the squared distance of a pixel from the mean
of the training area, normalised by the ocvarianoe matrix. For a single olass
and single bard it is simply necessary to evaluate thls last term, ie

log(Lik(x)} - - (x-m). 1 .(x-m) -(4),

where x is the intensity of the pixel being tested, m and 6 are the mean and
standard deviation of the training area distribution, and the 1/2 in equation
(3) has been neglected. If x-m, then from equation (4), we have the reasonable
result, that the log likelihood is a maximum when the pixel intensity is the
same as the mean. The log likelihood reduces as x departs from the mean, m, in
a parabolic manner.



97

The measure of likel Iood stored in the output image from this classifier
in GEMS= is the log likelihood as defined in equation (4) for one band, or
the last term of equation (3) (without the constant 1/2) for multi-band images.

Thi classifier is generally used to make decisions about whether a pixel
belongs to class 1, or class 2, or class 3, eto. For tis decision mAkig
operation, the last two terms of equation (3) are used. In the case of a single
band, this reduces to,

2 2 2
log(Lik (x)1 - log(O') (X-m) Id'L 1 1 1

where Li (x) is the likelih od of the pixel with intensity x being in class 1,
1

and m and 6 are the mean and standard deviation of the class 1 distribution.
1 1

Similarly, the likelihood that the pixel with intensity x belongs to class 2 is,

2 2 2
log(I 4J(x)} - log( - (x-m) /d

2 2 2 2

These last two expressions are evaluated for every pimel in the image, and if
log(Lik (x)) is greater than log(Lik (x)} for a pixel with intensity x,

1 2

then that pixel is assigned to class 1, (or to class 2 if the opposite is true-.
This is the most elementary form of the decision rule used in It classifier.Lin the general case of multiple baneds amd multiple classes, the last two terms
of equation (3) are evaluated for every class and every pixel. The result is
that every pixel in the image will have one likelihood of belonging to class 1,
and another of belonging to class 2, eto. The same decision rule is applied, so
that every pixel then has associated with it the number of the class to which it
is most likely to belong.

The scene can now be classfied and so. for exmple, if thee are four
classes, every pixel would be assigned to its most likely class and there would
be four classes displayed in four colours on the screen. There would be no
pixel left as 'unclassified'. Taking this concept to the limiting case of only
one class, since every plxel would have a finite likelihood of belonging to the
one class, every pixel in the image would be classified as belonging to that
class. This is obviously unreasonable, since a pixel with an imfinitesimally
small 11 keiood would still be classified. In GEMSTM. the user is allowed to
make one further decision to get round thls difficulty. Earlier, it was stated
that a Gaussian distribution is assumed for the intensities of the pixels in the
class. Considering one band again, or a simple 1-D Gaussian distribution it can
be shown that 68% of the points in the distribution lie between m-d and m+d,
where m is the mean and d is the standard deviation of the distri-buticn, azd
that 95.6% of the points lie between m-26 and m+2d.



In the Gaussian distribution shown here, No of Pixel
a density slice from m-d to m+, would
colour in 68% of the pixels in the class,
and the pixel at x would be ex.uded.
Changing the slice to the range m-2d to
m+2d would colour in 95.e% of the pixels
in the class, and the point x would be
included. Thus, with a density slice, the
user can make a decision on the significance
of point x, eto.

m-2d m-d m m2
In M , it is the 1Jkel hod that is m1

sliced, since the basic output of the xclassifier is the log ikelihood that a Iog(Lik)

log likelih ood for one class and one

band is shown here (of equation (4)). Slice 1
Both this graph and the Guassian
distribution have the same
horizontal amis and therefore a slice
of likelih od corresponds uniquely
to a. poportion of the total number I
of pixels in the class. For example, Slice 2
Slice 1 in the lcg(Lik) graph
corresponds to the range m-d to m+d,
which includes 68% of the data.
Similarly Slice 2 corresponds to the I I

range m-2d to m+2d. m-2d m-d m m+d m+2'

There are 16 slice levels allowed in GEMSTMO. They are set at the
following levels, where the numbers of pixels unslioed form a geometric
prcgression and the factor between successive numbers is the fifth root of ten.
This gives a good overall range and a reasonable resolution.

Level Percentage of pixels in class which are,

sliced not sliced 7

15 60.2 39.8
14 74.9 25.1
13 84.2 15.8
12 90.0 10.0

11 93.69 6.31
10 96.02 3.98
9 97.49 2.51
8 98.42 1.58
7 99.00 1.00
6 99.369 0.631
5 99.6C2 0.398
4 99.749 0.251
3 99.842 0.158
2 99.900 0.100
1 99.9369 0.0631
0 100 0



Fig 33 Classifier examples
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The output image from the classifier contains Pixel
two items of information for each pixel, bit
namely, the most likely class to which 1 -
the pixels belongs, and the measure of 2 - .Lo kelihood
lieliVh od. There can be 16 classes and 3 - in range 0-15
16 likelih ood levels, which are stored 4 -
in the output pixel as shown. Because 5
of this mixture of information, the 8 - Cass number
'Density Slice' commands cannot be used 7 in range 0-15to slice the likelth od. The special 8

., 'DISPLAY MAX LIK" must be used.

The effect of these classifiers is illustrated in Fig 33, where the two
single band images at the top are combined to form the colour picture at the
middle left, by putting the top left image on the red gun of the TV. and the top
right on the green. Suppose it is required to find all the areas that have a
range of orange-yellow oclours. The training area outline shown in the colcurL picture at the middle left covers most of the required colour range, although in
drawing it, a mistake in the form of a kink, has been made. The performance of
the three classifiers can be compared using the last three images in Fig 33, by
noting how well they olassify the training area. In a real application of

L course, the image would not have pixels whose intensities depend on spat 1
position, and hence other areas in the image would be classified.

The result of using the box classifier with this traJi area is shown at
the middle right, where the classified area is in blue. Since the limits of the
box are set at the 1% and 99% points of the distribution in each spectral hand,
a wall part of the trainin area remains unclassified. This can be seen at the
top left of the example training area. Many pixels which are not orange-yellcw
have been classlfied (eg green ones at the bottom left, and red at the top
right). This illustrates the limitation of the box classifier, in that manyLareas quite different from the trai-n area, can be included. However, it is
fast and simple.

The result of using the discrete classifier is shown at the bottom left.
Only those pixels within the image, which have exactly the same values in both
spectral bands as ones in the tralnng area, are classified. Hence in thi
example, the classified area is the same as the training area. Where the h'uran
error was made in drawing the training area, the image remains unclassified.
This illustrates the lim-iation, in that the nl sification will be in error
unless the trainin area ccntaLns an example of every pixel intensity required.
In GEMSICE, a small box can be constructed round the intensity point of each
pixel in the trainin area, thereby alleviating this drawback. This clssif er
is extremely precise, takes longer to run than the box version, and should be
used with care.

The result of using the maximum likelihood classifier is shown at the
bottom right, where the intensity corresponds to the 16 possible levels of
likelihood. Thus the brightest part in the image contains the pixels most
likely to belong to the class. By slicing the irage (using 'DISPLAY MAX L '),
the image can be divided into two regions, in the class and outside. Te slice
level can be varied by the user. This classifier treats the trainin area as a
sample of a distribution, and is thus relatively immune to the huan error (cf
discrete) and it results in a olazss which fits the trainn area very well (of
box). It is the most complex of the three classifiers, but should give the best
results, when the process is understood.
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CHOOSE CLASSIF

SMMARY

One of the four classifiers can be selected. 'Manual' is the same as the
box classifier, except that the numerical limits for the box are entered by
the user. The 'box', 'disorete' and 'max Uk' are as described on the
previous pages.

2=E TR AREA

With thi commani, one or more training areas can be stored in overlay plane
[ 4.

COMMAND IN rETAIL

There are 5 secondary commands. 'CK' is used to inform GEMS= that
the definition of training area has been completed. The user is then
returned to the primary oommands. 'Clear' erases overlay plane 4 prior
to the definition of a new trainin area. 'Box', 'draw' and 'paint' can
al be used to define trainin areas, using rectangles, irregular
outlln s, or Ireua areas, respectively.

In the case of 'box', the rolling hall is used to move the
rectangle. Its size can be changed using the rolling hall after
pressing the 'CM;G' button. At the bottom right of the screen, the
position of the top left corner of the box is given when the bcx is
being moved, and the size of the box is given when this is being
changed. These two operations continue to cycle with further pressings
of the 'anru' button. When the box is totally within the homoeecus
area to be used for training, '1PUT' is pressed, to return the user to
the seccmdaxy ocmmands. The number of pixels in the trainin area is
displayed on the VEU. A further trainn area can be added, using any
of the three methods. In this way, many small trainin areas can be
chosen as examples of one class, amd when this process is complete, 'Ci'
is selected. Every pixel inside the box, incluilrg those u0erneath the
boundary of the box, is used to produce the statistics of the trainin
area. It is therefore important to ensure that no box extens outside
the homogeneous area, or erroneous olasslfications will be produced.

In the case of 'draw', the rolling Iall moves the point at which
the line is to start. After pressing 'CZG', the rollir Ial! is then
used to draw the line which is the boundary of the homogenecus area to
be used for training. When '=t' is pressed again, a --E Joizs the
last point to the first, fills in the enclosed area, and dLsplays cn the
VEU the number of pixels in this trainin area, together with the total
number of pixels in all the trainin areas for this class, so far
selected. The rolling hall can be moved again to describe f=-her
tra.inin areas. Pressing '11=' ocmpletes the operation and the user
is returned to the secondary c=ands.
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For 'paint', the rolling hall is used to move the cursor to a
point inside the required area. When 'CHG' is pressed, and the rollg
ball moved, it is as if there were a paint hrish under the centre of the
cursor and the trainng area can be described by 'painting it in'. The
size of the brush can be varied by changing to mode 1 (ie by pressing
the / E" button so that the light under the button is extingshed).
Moving the roling all to the right causes the 'hrush' to widen, and to
the left causes it to decrease to- a mnimtm of one pixel .ide.
Returning to mode 0 by pressing the mode button again, results in the
rolling ball controlling the painting again. If 'CI'G' is pressed once
more, and the hall moved, the 'brush' now 'paints out' or 'erases' any
defined training area. The size of the 'brush' can he varied as before. A
Note that thi 'painting out' process is the way in which a trainin
area may be removed. Pressing the 'CG' button again allows the user
to move the starting point for another painting operation. The current
function of the rolling hall (ie move, draw or erase) is displayed on ]
the VBU. When 'f?1UT' is pressed, the operation is completed, and the
user is returned to the secondary commands.

COPY BIT PLANE

SUMMARY

The contents of one bit plane or overlay plane may be copied to another
plane using this command.

COMMAND IN rETAIL

Since the command 'E TR AREA" always puts the training areas into
overlay plane 4, 'COPY BIT PLANE' is often used to copy plane 4 to bit
planes in stores. For example, an 8 class mazimun lI cel ihood
classification would require 8 tralnn area sets, one for each class.
The set of tralnin areas representing class 1 could be copied fr=
overlay plane 4 into store 1 bit plane 1. The set representing class 2
could be copied into store 1 bit plans 2, eto. Equally, zor the single
class classifiers, the results are always put into overlay plane 3. For
multiple executions of such olassiliers for multiple classes, the
results can be accumulated in bit planes of stores, by thi co:i-- g
process. Careful notes should be kept of where traltr areas az ,
classification results are stored, othe-ivse a complete muddle can be
produced when using this command.

The user is first asked to choose the scuce data for the coty azd J
overlay planes 2.3.4 as well as any (or all) hit plane of any store can
be used. If the source 'Zeroes' is selected, the number 0 will be
copied. This is the method used to erase one (ur many) bit plane. -e
b'.t plane(s) into which the data are to be copied is next s-cified.
Ovirlay planes 2.,4 and any (or all) bit plane of any store can be
used. If all 8 bits of one store are copied to all 8 of another, the
user has the further option, in that the data can be copied through a
look-up table. Th=s feature can be used for saving flal results f-ro
the marimum likelihood olassiL-ler. Either the red, gr-een, or blue IZ
can be sptified, or none at all in which case, te data are cc-nIed
unmodified.
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CHOET AREA

SUMARY

The bit planes containn the training areas for the cJassifiers, are

specified with this command.

In the case of the box and discrete classifiers, at least one bit plane
must be Specified as the souroe of the training data. If the user has
put two examples of training areas for one class, into two bit planes,
then the classifiers can be run using one or other or both examples.
This is very useful for investigating the contributin of different
training areas. The user simply chooses the bit plane or planes
containing the required combination of trainin areas. For the maximum
lkelihood classifier, one and only one bit plane is required for each
class up to a maximum of 16. Thus, if 8 training areas are stored in
the 8 bit planes of store 1, and they are all selected, a classification
with 8 classes will result. However, if only 5 bit planes are c sen,
only 5 classes will result.

CHOOSE BANDS

SUMMARY

This command is used to select the stores oontaining the bands of data to be
used by any of the olassifiers. Up to 16 may be selected.

CLASS=F

This command is used to execute the classification.

Before using this cmand, many of the previous oc~znds must have been
executed. The type of classifier must have been selected usin g 'C SE
CLASSIF '. TraIning areas must have been defined with '117E T
AREA'. Multiple training areas must have been copied cut of overlay
plane 4 with 'COPY BIT PLAIE'. The trainin areas to be used must have

been specified with 'CHOOSE TR AREA', and the hands to be used by the
olassifier must have been selected with 'COSE BANDS'. If one or more
of these operations has not been performed, GSUE will ask the user
to supply the required information.

If the manual classifier was selected (in 'CHOOSE CLASSIF ').
the user is asked for the limits of the box in each bend. Initia.11y
both the upper and lower limits are set at 128 and displayed on the TV
screen opposite the numbers of the selected stores. If the manual or
box classifier was used imediately before. the previous limits are
displayed on the screen. Moving the rolling ball to the right or left
will increase or decrease respectively, the lower limit of the first
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ba~nd, and this is displayed on the screen. When the desired value is
displayed, 'n=PU' ise pressed and the upper Limit of the first band can
be varied using the rolling ball. After pressing T. again, the
lower imI t of the second hend can be altered, and so on until all the
limit s have been set. The cursor moves each time to indicate which
limit is being varied. Whether limits have been changed or not, 'LNPUT'
must be pressed for each upper and lower limit in each band. On
completion, the classification is performed, the result displayod in
overlay plane 3, and the number of pixrel in the class, the % of the
total number of pixels in the olass, and the total number of pixels in
the image all appear on the VW. When the olassifier is net run,
overlay plans 3 will be overwritten. Therefore, to preserve a
csfication, it should be copied to another bit plane (generally in
oe of the stores) using the 'COPY MT PLANE' ccmmamd. 4

If the box classifier is selected, the olassification proceeds
imeiately by examin"n the data in each band, within the trainin
areas, and the means and standard deviations of these data are displayed
on the VI. The limits of the box are displayed on the TV. Overlay
plane 3 is again used to hold the classification, and the number of
pixel in the class, the % of the total, and the total all appear on the
VtU. The results should be ooied to a store if they are to be saved.

If the discrete olassifier is selected, the user is asked for the
size of the boxes in each dimension, as described on pages 95 and 96.
The size in each dimension is displayed to the right of the store number
to which it refers. If the cursor is moved to the size to be changed,
and the 'INPUT' button pressed, then the user can change the size with
the rolling ball. Pressing '1=' again allows the user to select
another Amension, and so on. The sequenoe is finished with the 'QUT'
button, whereupon the classification process starts, with the results
being produced in overlay plane 3. The number of pixels in the class,
the % of the total, and the total all appear on the VDW. The results
should be copied to a store if they are to be saved.

If the maximum likelihood classifier is selected, the process
starts immediately and the means of all the hands of each training area.,
together with the number of pixels in each trainin area are displayed
on the VD. The user is next asked for the store to be used for the
results of the classification. The standard deviations of the data 11
within each training area are then displayed on the VDU. These standard
deviations relate to the principal component axes for each training
area. At the conclusion of the classification, GMSl= passes
automatica.ly onto the comand 'DISPLAY MAX LIM' described below.

DISPLAY BIT PLANE

SUMMARY

The contents of one, two or three bit planes can be examined quickly with
thls command.
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CHAND IN DA

Suppose a nuber of training areas have been stored in the bit planes of
store 1. If the user asks for bit one of this store to be displayed in
red, then onl in those places where bit one is set will the -mum red
(ie level 255) be displayed, and red will be set to zero elsewhere. For
this operation, all the locations in the red LT up to and including
level 127 have their contents set to zero, and all locations above 127
have their contents set to 255. By a sim1 method, bit plane 2 could
be displayed in green. The resulting image would show all. the regions
in the first training area in red, and all the regions in the second
training area in green. A region in both traInng areas (which would

Snormally be an error), would be both red and green, ie yellow.

The secondary o mads for this operation are to choose the bit
plane and the colour for the display. If 'all' bit planes are chosen,
this implies that all bits must be seen, and so the LUT is reset so that
location 0 contains 0, location 1 contains 1, eto. If the colour 'none'
is chosen, this implies a black and white image, and hence all the LUT's
are made the same. Ths command can be used to reset all the LUT's very

quickly, by choosing 'all' bit planes and setting the colour to'n e.

L DISPLAY MAX LIK

F ~SUMMARY
This ccmmand is used to enn an maimum likelihood classification, to
select the reject level, and to set the LT's for results storage.

A special slice is applied to the image by this comand. The colours
corresponding to the 16 classes are shown in the following table.

.Cass no. Colour Red Green Blue

0 0lack 0 0
1 Red 255 0 0

2 Green 0 255 0
3 Blue 0 0 255
4 Yellow 255 255 0
5 Cyan 0 255 255
6 Magenta 255 0 255
1 Grey 128 128 128
8 Brown 80 48 48

1 Gold 255 192 010 Orange 255 128 0
11 rurple 128 0 128
12 Dark Blue 0 0 64
13 Darke Green 0 128 0
14 Dark Red 128 0 0

15 Petrol Blue 64 128 128
16 Pinky Purple 192 64 128

Table 8 Colcurs of displayed classes.
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The special slice is set initially so that 1. e% of the data within a
class are rejected. As the rolling ba3l is moved to the right more can
be rejected, and vice-versa. This- re.ject level is displayed on the =D,
and the whole range of posz: ie reject levels is given on page 98. Note
that the region left as black is the unclassified region and is referred
to as olass 0 in table 8 and elsewhere.

Having adjusted the reject level to display the best compromise
between including as much of the class as possible, '--' yG- not
includIng erroneous pixels, the user presses 'NPUT'. The next choice
is whether to leave the LUT's so that the colour picture remains on the
screen, or to change the LUT's so that class 1 is displayed at level 2,
Class 2 at level 2, etc, with the unclassified areas at level 0. This
produces a very dark picture but it is very useful for the storage of
the classified image in a very simple form, using the 'CPY BIT PLANE,
command. Thus, either 'oolours' or 'numbers' respectively, is selected
and 'INPT' is pressed, whereupon the LET's are changed if necessary,
and a display of the numbers of pixels in each class with percentages
appears on the VDU.

If 'numbers' is selected and the image is stored through the
LT's, the colour picture can be reproduced simply by slicing the image
at levels 0, 1, 2 ...... 16. Within 'Density Slice' there is a standard
slice called '16-level' (p41) which reproduces these slice levels and
the colours in table 8.

SAVE

SUMMARY

It is possible to save classification parameters using this command.

COMMAND 32 BETAM

For the box classifier, the upper and lower limits in each band are
stored. Up to eight sets of clasification parameters can be store for
the box cla-sifier, and these are labelled BA to R (for Box-A etc). Up
to two sets can be stored for the mamum likelIhood classifier,
labelled MA and MB. These classification parameters can be recalled for
application to the same scene, a different scene, or for use in a
background program to process a much larger sceme.

The only secondary Cenmyu'v is to specify the name- of the

classification. B1, B2,.....3, for the box classifier, or MI. M2, for
the maxiu=,- lkelihood llassifier. A Line of up to 70 text characters
can be Inserted at the terminal, and this is stored as a descriptor for
the classification parameters.



RESCE

SUMMARY

~coand a.llows the user to run a previously stored classification.

One of the 8 box clasifications, or one of the 2 maxium lI IcelIo od
olasslfications must be selected. The header text appears on the
terminal screen, including the number of bands used in the
0lassification. The stores for these bands need to be selected again.
ith this command, many soenes can be classified using the same

classification parameters, and so if a classification of a large image
is required. it can be divided into a number of store sized images, and
they can be classLfed separately. The resulting set of classified
images can then be joined together in the host computer to produoe the
classification of the whole large image.

I.;
RESRE STRET

This command is exactly the same as 'RESRZ STRTC' in the contrast[stretch chapter, (p31). It is here simply for convenience.
COMMAND IN ETAIL

When such operations as 'DISPAY MAX LIX' are performed, any previously
applied contrast stretch is lost. Provided stretches have been saved
while in the contrast stretch chapter, they can be restored here. The
only secondary command is to choose the stretch.
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Fig 35 The 'Tet and Gra.phio' page
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5.9 Text and Graphics

This chapter contain a number of cr.oands for:

(1) Writing text in an overlay plane.
(2) Writing text in an image within an image store.
(3) Writing text in a contrasting background within an image.
(4) Writing text with arrows or pointers etc.
(5) Dawing straight or curved lines (eg for direct interpretation of images on

the screen, for geological structure, roads, region outlines; production
of display material or slides with flow charts, diagrams, eto).

(6) Filliung in areas for other processes (eg training areas for classifiers,
areas defined in overlay plane 4 for such operations as 'OVLY 4 BISTOGA'
(p 3 4), mAski n operations, flow charts, diagrams eto).

(7) Drawing sprites.
(8) Erasing parts of the graphics, or images, using 'PAINT'.
(9) Copying parts of an image to other positions in the sane or another image.
(10) Modifying the LVTs for B/W or oolour presentations.
(11) banging the ILTs conti ucusly to provide attractive demonstration

graphics.-
(22) M~aking 3-Dl diagrams of intensity.

These operations vary widely in compexity fron writing tex (requirimg only
'WRI' ' to put text in overlay plane 4, with perhaps 'CEAR PLNIE' to
remove previous text), to drawing sprites where, not only are the comands
fairly complicated, but the interactions with other commnds are also quite
complex.

OTTT PLANE

U SUMMARY

This command is used to specify the plane into which the gTaphics are to be
written. Either one of the first four stores or overlay plane 4 may be
used. If a graphics function eg 'WRITE T ' is run without selecting a
plane, overlay plane 4 is assumed. The current plane number is written in
the menu above 'Help'.

CIAR PLANE

SUMMARY

Having chosen the store for the graphics using 'OUTPUT PLANE', it can be
erased completely with this oommand.

PIM VALUE

SUMMARY

It is possible to write the graphics into a store at any desired grey level.
If a graphics function (eg 'WRITE Tm') is run without selectInz a Pixel
value (or grey level), 255 is assu.
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CC MAM3 = ETAIIL

The only secondary c and is to select the required grey level of the
graphics by specifying 'number', in which case the rolling ball controls
the grey level and thi number is displayed on the screen.
Alternatively, for 'cursor', the rolling ball can be used to move the
cursor aver a pixel in some existing graphics or over a pixel in a grey
scale eto. The grey level of the chosen pixel is displayed on the
screen. For both methods 'In=' is pressed to select the displayed
value, and this number is copied to the menu above 'Return'. For many
purposes such as writing text or masks in overlay plane 4, this ccmmand
need not be exercised, since a value of 255 is then assumed. Note that
overlay plane 4 is treated as a store with only one bit plane, the MO.
Thus for the overlay plane, any number over 127 can be used. For the
stores, if 128 is chosen, then the MS will be set to I and the others
to zero. This is not the as writing to one bit plane since the
other bt planes may be altered.

A typical sequence of operations would be as follows. Choose one
of the four stores for the output, erase it, choose 'P7=. VALUE' at
level 1, choose 'P=. CM' (see below) as 255 on red, 0 on green and
blue, and then draw the graphics which would appear as red and be stored
at level 1. If 'numbers' were selected next time 'P=E VALUE' is used,
GEHSTE would increment the value by one, ie level 2 in this example,
and another colour eg 0 on red and blue and 255 on green, could be
selected with 'PT= COLOUR'. This second set of graphics would appear
in green, alongside the previous graphics in red, and would be stored at
level 2. Thus 256 sets of graphics could be held in one store, and be
displayed in 256 colours selected from a range of 256*256*256
possibilities.

PT=E COWGUR

In order to make the graphics clearer, or to display them in their final
colours, it is possible to alter the numoers in the LT location
corresponding to the pixel value selected with the 'PIL VALUE' command.

CCMN IN B-TAIL

If 'cursor' is selected to define a colour, the cursor is moved with the
rollinghall over the required colour which may be some existing
graphics or a section of the colour palette (see below), eto. The
intensities in red, green and blue are displayed on the screen, and the
'ZNP"T' button pressed to select the colour. If 'numbers' is selected,
the rolling ball is first used to set the level of the red component of
the colour. After pressing the '=G' button the green component can be
changed and so on with blue, and then red again if required eto. The
'INfPUT' button is pressed when the required colour has been produced.
The default colcur is to set all the LUTs to the value of the grey level
chosen with 'P=E VALUE'. If neither of the cammands 'P=E VALUE' or
•P= Cowm' is exercised, the default pixel value is 255 and henoe
the default colour is 255 on red, green and blue (ie white).
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WRITE TZ

SUMARY

Text can be written into one of the first four stores or overlay plane 4.

HAN IN MTAM

Before running this command. the user can specify the store into which
the txt is to be written, the grey level at which it is to be written,
and the settings of the LETs so that the text is in colour. The
cmmands required are 'OUTPUT PIA', 'P=- VALUE', and 'P= CL'UR"

respectively. However, text can be written without specifying any of
these, in which case the default values are used and the results are

placed in overlay plane 4.

The text is first typed on the computer terminal. Any character
can be used including upper and lower case versions. There are two

L pitfalls when trying to write lower case alphabetic characters. Some
terminals have a key labelled 'TTY CAPS' or similar, which when it is
on, has the effect of making all the alphabetic characters upper case
irrespective of the 'SEIT' key but leaves the others, eg the numerio
keys, as lower case. Secondly, there is generally a key labelled 'Sb -

CX' which makes all keys upper case. Both of these keys should be
off. Many lines of text can be typed in at once, each being terminated'C wiLh the "PAi;RN' key a nc the whole text Ls finished with a blank lie.
This is the same as pressing the "RETURN' key twice. If the user wishes
to have a blank line within several lines of text, this can be achieved
by typing a space character & 'RETURN'.

tstakes can be corrected by c and overtyping.
Unfortunately. terminals vary in the key used to ba&Lsp . i" there is
a key marked 'BACK SPACE' or 'BS' this should be used. If there is no
such key on the keyboard, the next possibility is to find a set of four
arrows pointing up, down. left and right. The key with the left arrow
will generally backspace correctly. If a keyboard has none of these
keys, there is most likely a single key with a left pointing arrow and
this will generally work. Where a keyboard has both the set of arrows
and a single arrow on its own, the single arrow key is likely to put a
left pointing arrow into the text. Many terminals have a key marked
'RUB OCUT', but this generally does nothing. A line of text can be
modified with numerous p s, overtypings, additions, etc, but as
long as the line is correct before the 'RETUMN' key is pressed, the texrt
should be written correctly on the TV screen. After the 'PKN' key
has been pressed, the text cannot be modified. If such an inaooessihle
error has been made, the user should continue, finish the text (le two
'RETURN's) and then 'QUIT' on the control panel. The text can then be
retyped from the beginning.

Having written the error free text on the computer termln1 and
pressed a second 'RETURN', the user is returned to the menu, to chccse
either 'Auto' or 'Fixed'. For 'Auto', a box appears on the screen, and
it can be moved with the rollin ball, or its size can be varied Ly
pressing the '=G' button and using the roll1ng ba.l. The box should

be placed where the text is to be written. When 'INTUT" is pressed.
QZS'IUqE will write the characters so that they just fill the bx.
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is a very quick and convenztent way of writing small amounts of text.
Eowever, it is very difficult to write many pieces of text in the same
image or in different ones and still have characters of the same
appearance, because GEMSTINE varies the sizes to suit the boxes that the
user supplies. In such cases, 'fixed' can be selected. The user is
asked to give the size, in pixels, of a single character in the 'x'
direction by moving the rolling bal and fi I nshIn with 'IN P'. In the
same way, the size in the 'y' direction is next supplied, and finally
the thickness of the lines in the character is given. The default sizes
of 8, 12, and 1 respectively, give characters that are small, of a
reasonable proportion, and quite legible. When the last 'INVIT' is
pressed, a box appears on the screen and the size is such that the text
as specified will just fit inside it. This box can be moved to any
position on the screen, and when 'IPT' is pressed, the text is written
at that place.

Examples of text can be seen in all the photographs within this
handbook. The texts in the early figures, eg figs 12, 14, 18 eto, have
been written umin 'Auto'. In Figs 29. 30, 31, 33, etc there are
examples of text written using 'Fixed'.

COPY AREA

SUMMARY

A rectangular area in any image can be copied to any position in the output
image. The area copied may be limited by the contents of overlay plane 4,
and a contrast stretch can be applied during the copy. Alternatively, the
area can be considered as a sprite and moved continuously.

COMMAND IN EETAIL

Six secondary omands are presented to the user. The first is 'Vole
Box', which is the simplest one and is used to copy an area outline:. by
a box, into a new position in the same or another image. If t-his
ocmand is chosen, then the next requirement is to select one of t|e
contrast stretches (ie red, green. or blue) in the current =Ts, or no
stretch (Ue none), to be applied during the copy. Lastly. the store
contaIning the area to be copied, ie the source store, is chosen. The
source image is then presented to the user with a box, the position of
which can be changed with the rolltag ball and the size of which can be
varied after pressing '=G', so that the area to be copied is outl-ed.
After pressing 'IPJT'. the user can move the box to the area where the
copy is to be placed. Note that the size of this box cannot be changed.
After pressing the last 'DTPtT', the copy with or without contrast
stretch is performed. If the box is moved and 'DrPU'' pressed. further
copies can be made into the output store, until 'qIT' is pressed to
finish.

The comannd 'Ovly 4 Box' is the same as 'Whole Box' except that
only the area which is both Inside the box for the souroe tore. azd
inside the area set in overlay plane 4 is actually copied. A very
useful operation for this comand is outlined in the following example.
Suppose it is required to contrast stretch an image which contains
bright regions (eg land in a remote sensing image) and dark regions (eg
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water), but to have different stretches in the two regions in order to
maximise the information that can be seen. Within the Contrast Stretch
chapter two stretches can be saved, one for the bright regions, and one
for the dark. A mask for the bright region (and the inverse mask) could
be produced in the Density Slioe chapter, or by clJassifiying, or by
drawing using the other ommnds in this chapter. With one mask in
overlay plane 4, and the corresponding stretch applied to the image, one
area can be copied and stretched correctly with this command. With the
other mask in the overlay plane, and the other contrast stretch
restored, the other area of the image can also be copied. A colour
image can be copied in a simila manner.

If the copy is fron one store to another, all 8 bits are copied.
For a store to overlay plane copy, only the M of the store is copied
to the overlay plane, unless the copy is through a LUT in which case any
pixel value which is changed to a value above 127 through the LUT, will
be copied. In the reverse direction, the overlay plane is copied to all
the bit planes of the store. This is the same as considering the output
of the overlay plane as being at level 255. If the one location at 255

V in a LUT is changed, then by copying through the UJT. a copy can be mad
at any level in the output store. An exmple of the use of copying
throug the LT is for the operation above, where different parts of an
image are stretched differently. Overlay plane 4 can be copied to
itself through the LUT previously set to negate an image (see 'LlEAR
SMU1'=' below). In this way, a mask can be inverted quickly.

For 'Copy Sprite' (see p118 for the definition of a sprite), the
area to be copied is treated as a sprite, ie it can be moved
ocntimuously. It is however limited to .4096 pixels in area, for reasons
of speed. Also, the copy can only be made in the same store, ie the one
specified by 'CUIPUT PLANE'. Having chosen this operation, G '.S'ONE
displays a box whose position can be varie with the rollin hall and[3 whose size can be altered after pressing 'NG', but within the 4096
pixel limit. If the size in the x direction is increased, there will
come a point when CSICE will reduce the other dimension to remaIn
within the limit. When 'INPUT' is pressed to select the area to be
copied, the rolling ball controls the position of the sprite. It may be
moved anywhere over the image and is not finally written Into the store
until 'DLPT' is pressed. Thus an object can be matched to the
surroundings before being inserted, and the cursor control buttcns can
help with the final accurate positioning. Multiple copies can be
written, and the process ends with 'QUIT'.

'Copy Cvly 4 Sprite' is the same as 'Ccpy Sprite' eoept th at the
area copied must lie both inside the box and Inside the area set in the
overlay plans.

'Move Sprite' and 'Move Ovly 4 Sprite' are the same as the 'CCopy'
commands above, except that when the sprite is moved, it is erased fron
its original position.
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SUMMARY

For thIs command, when the cursor is moved, it is as if there were a pa-tmt
brush under the centre of the cursor. Areas can be 'painted in' (drawn), or
'painted out' (erased) with a brush of variable width.

Initially, the rolling ball is used to move the cursor to the start
point for the painting operation. When 'G' is pressed, and the
rolling ball moved, a 'painted' line is left behind the cursor. Since .1
the paint brush is only one pixel wide initially, this operation can be
used to draw a continuously curved line, unlike 'DRAW LINES' where
curved lines are made from straight line segments. The size of the
brush can be varied by cbanging to mode 1 (ie by pressing the "IE'
button so that the light under the button is extinguished. See section
4). Moving the rolling ball to the right causes the brush to widen and
vice-versa. Returning to mode 0 results in the rolling ball controlling
the painting again. If 'CM' is pressed once more, and the ball moved,
the brush now paints cut or erases areas that were previously painted in
or set by any other graphics process. Pressing '=XG' again allows the
user to move the starting point for another painting operation. Mhe
current function of the rolling ball, ie move, draw, or erase, is
displayed on the VDU. When 'ZNPUT' is pressed, the operation is
complete and the user is returned to the menu.

ZRAW L=NES

SD1IARY

With thl comand the user can draw lines which comprise straight line 
segments.

CCMN nT EETAIL

The cursor is moved to the start point with the rolling ball, and the
'=" button is then pressed to mark the position. Moving the rolling
ball to the net point in the line and pressing '=PUT' causes the
second point to be marked and a straight lne is then drawn by GEMSNE
from the first to the second point. The rolling ball is then moved to
the third point, and so on. Thus a curved 1ine can be drawn as a series
of straight lin segments. When drawing straight lines or boxes etc, it
should be remembered that the buttons round the 'MOIE' button can also
be used to move the cursor up, down, left, or right (see p1l), or can
lock the movement of the rollin ball in one direction (see p13 ),
thereby making long horizontal or vertical lines easier to draw. When
the line has been completed. 'QUIT' is used to fini-sh. The length of
the line is displayed on the V-U.

An eznmple of this ccxmand appears in Fig 31 where the horizontal
and vertical axes have been drawn. The tick marks azd. arrows were also
drawn with this ccmrand makin use of the cursor control buttcrs to form
neat grapb-cs.
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POL2UGQ FIL

SUMMARY

This ocmamd is eatly the same as 'MAW L=NES' except that at the
conclusion, the last point is connected to the first point to form a closed
polygon, the interior is filled in, and the total area of the polygon is
displayed on the VDU together with the length of the lines round the
perimeter.

LAREA FIL
SUMMARY

rP

This command is like 'PA=T' when drawing a continuous line with a tb ckness
of one pixel, exoept that on ccmpletion, the line is closed and the included
area filled in.

CCI= IN MTAZL

The cursor is moved to the start point with the rolling ball and 'lPUT'
pressed to mark its position. As the cursor is moved further, a lIne is
drawn continuously until 'MP=T' is pressed again, when the last point
is then connected with a straight line to the first, the enclosed areaFis filled, and the total area is displayed on the VDU.

SUMMARY

3This command allows the user to 'plant a seed' within a closed region and
then fill in the region.

SlOfMD IN rzA=L

A closed region is generally produced with 'IRAW L=NES' or 'PA2'T' and
results in a boundary line around the required region. It must be
closed, ie the start point must be joined to the end point. When the
cursor is moved inside the region with the rolIng ball or the cursor
buttons, and 'FUT' is pressed, S'IE E fills in the region within the
boundary lne. If the region is not closed, this fillng will 'leak'
out of the gap and may fill the whole screen. '::AW L=S' followed by

EE FL' can be exactly the same as 'PCLYG FL' but In two
operations. However, if 'P= VALIUE' is changed between the two
operations, the filling can be at a different level from the bcunda--.
This can be very useful for producing attractive display materials, (eg
tezt could be in one colour, wTitten on a different bak gcuzd.
surrounded by a differently colcured border.) or allowing the user to
deal with a boundary In a diffferent manner in, for exazle, the
classifiers.
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SU1liARY

A sprite is an obJe t such as a square, a circle, an arrow, a drawing of a
man, a house, etc that can be moved around the screen. The sub-comads
allow the user not only to draw the sprites and move them, but also
manipulate them so that they are the correct size, shape, eto.

COMMAND = ETAML

There are several secondary commands, the first four being concerned
with drawing, and the last three being optional extensions. They are:

BCX. When this is chosen, a rectangle appears on the screen and the
user is able to change the box with a series of MAMPUIICN
SO - 4AfS. There are five such acmmands, shift, scale, shape, skew,
and rotate. They use the rolling ball to shift a sprite, chalge the
size of it, change the shape of it, skew it, and rotate it,
respectively. By pressing the 'CHG' button, the current sub-cmand is
changed cyclically, ie shift, scale, shape, skew, rotate, shift, scale,
etc, and the name of the current sub-cmmand appears on the VDU. The
following operations are possible.

IFT. Using the rolling ball, the sprite can be moved on the
screen.

SCALE. This uses the rolling hall to chan2ge the size of the sprite.
For a box, the bottom left corner remains fixed, so that if a sprite
is reduced, it will eventually contract into this single point.
Reducing' still further results in the box re-appearing on the

other side of the single point. Thus, if the box were in the first
quadrant intially. it would be reflected into the third. For a
circle, the fixed point is on the circumference, at the middle
right, and for a set of lines, it is the first point defined by the
user.

SHAPE. This uses the rolling ball to change the size of the sprite
in the y-dLirection alone, and hence the shape.

SEW. A horizontal line through the fixed point does not chalge at
any stage during this operation. A horizontal line above or belcw
the fixed point is moved to the left or right by the rollin ball,
and the further the Line is from the fixed point, the more it moves.
Thus a box, which is initially a square can be made into a
parallelogram.

ROTATE. Moving the rolling ball to the right, causes the sprite to
rotate in a clockwise direction about the fixed point.

All the sprites are held in overlay planes 2 and 3 at this
stage. When, for example a sprite is moved, it is copied from plane
2 into 3 with the change. A further movement results in the sprite
being written back into plane 2 with. the new chae. and so on.
When a sprite of the required shape eta is in the required pcsitiOn.
it can be copied into the store chosen with 'OTPUT FLANE' 2y
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by pressing the 'INFOT' button. The Sprite can be further moved Or
changed and copied into the output plane by pressing the 'INPUT'
button again. In this way numerous identical copies, or varying
copies can be written into the output store. Pressing the 'QUIT'
button completes the process and returns the user to the menu.

CIMLE. A oircle is displayed on the screen, and all the manipulation
sub-ocmands described under the B3X secondary cmmand can be used.

LINES. A sprite or a set of sprites can be drawn with a series of
straight line segments. The cursor is moved to a suitable starting
point for drawing (this need not be the final resting place for the
point since the sprite can be moved latex) and the 'INPUT' button
pressed. When the cursor is moved to another point and the 'INPUT'
button pressed, a straight line is drawn between the two points. Tnis
process can be repeated for up to 64 points (ie 63 line segments). The
VrU displays the number of points used, and the number of points left.
If one sprite has been drawn with a few points, a second sprite can be

_ drawn by moving the cursor to the start of the new sprite and pressing
'CG' to denote a new start. In this way several sprites can be drawn
in a group and the mamipulation sub-couands described under BX above,
operate on the whole group. The fixed point for the sub-commands is the
first point in the drawing sequence. Normally thislis at the start of
the first lIne. However, if for the first point 'INPUT' were pressed,
the cursor then moved and 'CMIlG' pressed to denote the start of a new
line, then the fixed point would be invisible and separate from the
sprite itself. If for the first point 'CG' were pressed after
'INPUT ', the cursor then moved and 'CENG' pressed again, then the fixed
point would be separate from the sprite but would be visible. Both of
these examples allow the sprite to be rotated about, or magnified

relative to, any point on the screen.

LWhen the required sprite has been drawn, 'QUIT' is pressed to
leave the drawing sequence. It should be noted that the sprites are
only held in overlay plane 2 or 3 and have not been copied to the output
store at this stage. Having pressed 'QUIT' the user can operate all the
manipulation sub-comands on the sprites before using the 'INPUT' button
to copy them into the store as described under B.

LAST LINES. This secondary command allows the user to pick up the last
lines that were drawn and use the manipulation sub-co=nands to charge
them. Note that the command only picks up the last LINES and not the
last BOX or CIRL which have to be recreated directly.

AUTO FL. A sprite may be filled in i=ediately after it is drawn.
For example, if this conmand were specified before using BOX, then when
a box is copied into the output store by pressing 'IN'UT it is filled
in at the same level as its boundary. Therefore. a number of solid
boxes could be drawn on the screen, and similarly for other shapes. An
open polygon, which could be the result of using LINES, is closed by
JoinJ n the last point to the first, before filling.

AUTO INCR. This command, which must be chosen before a drawing cc=a.n.
causes the pixel value to increment by one. each time a sprite is copied
into the output store. Thus in the example of the series of solid bcxes
mentioned in AUTO FILL, each one would be at a different level. If the



120

image were then coloured using 'PIE VALUE, and "P= ICOL ' or
'LINEAR SR=' or the various methods in the 'Density slice' chapter.
all the boxes could appear in different colcurs. Further, 'Colour
Rotate' (p123) would allow animation to be performed.

AUTO f=EP. As for AUTO FIL and ADMO INC, this comand must be
chosen before one of the four drawing commands. Considering the example
of the set of filled boxes described above, when the second box has been
copied to the output store, GSTME automatically interpolates along
the straight line connecting the first and second sprites. If the user
required the line to be divided into two pieces, there would be a sprite
at the beginning, middle and end of the line. The user is asked for the
number of divisions of the line and this is displayed at the bottom of
the TV screen. Having selected the required number with the rolling
bell, 'nPUT' is pressed. If the second sprite that the user copies to
the output store is different from the first (ie by using SCALE, SHAPE,
SEEW, or ROTATE) then in this example, the additional box that G
inserts would be interpolated between the boxes at the two end'. A line
can be divided into a maximum of 256 segments and the interpolation is
performed each time a sprite is copied to the output store.

These three optional commands, which if they are required, must be
specified before the drawing commands, permit the user to produce a
range of sprites whose shapes change gradually from the first specified
one to the net, to the next, etc, with or without fi 11ng, with or
without the pixel level Increasing from one to the next, and therefore,
with a little thought beforehand, some very complicated graphics can be
produced quite quickly.

An example of this ccmmand is shown in Fig 31 (the lower pair of j
axes). A sprite was drawn around the existing x-axis, and then using
'rotate' and 'skew'. the y-axts was produced. Similarly, the text
'F(y)' was written in the image, a set of sprites were drawn round the
characters which were rotated, skewed, and positioned at the end of the
y-axis.

SSCALE

StMh{ARY
A grey scale of any size can be positioned anywhere on the screen using this
comm~an.

A box appears on the screen at the top left corner, with an initial size
of 75 in the x direction and 90 in the y. It can be moved with the
rollin ball and after pressing 'CHG' the size can be altered. When
'IPUT' is pressed, the grey scale or wedge from level 0 to 255. is
written into the image store specified by 'OUTPUT PLANE' and the user is
returned to the menu. If the x dimension is equal to twice the y
dimension, or less, the wedge is written in the vertical direction with
black at the top. If the x dimension is greater than twice the y
dimension, the wedge is written in the x direction with hlak at the
left.
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OLUR PAL TE

SUOARY

A set of 30 coloured boxes are displayed on the screen using thIs ccmmand.

Instead of choosing oolours by specifying the red, green and .ue
components each in the range of 0 to 255, it is sometimes convenient to
select the colour from a palette. This command puts such a palette on
the screen with a set of initial colours, which are given in the
following table. The numbers are the red, green and blue components in
order, and the colour descriptions are only given where they are likely
to be consistent. Those colours without a name, can vary due to
differences between monitors, and also due to the eye judging a colour
differently depending on the surrounding colours. This can be
demonstrated simply by changing the colour of one square to the colour
of another. For example, if the second from right on the top row were
picked (usig 'P=, VALUE" followed by the 'cursor' secondary conuand),
and the colour changed to 192,192,128 (using the 'P= CCEM' comnd
followed by the 'numbers' secondary comand), then the new patch on the
top row would have exctly the same values as the patch four below it,
and yet to the eye, the oolours would look quite different. This
example also illustrates how the initial palette may be easily changed.
thereby permitting the user to exmine how visible one colour is when
placed next to another, or how a set of colours would match.

1 255,128,255 I 192,128,255 1 128,128,255 1 128,192,255 1 128,255,255 1
1 Pale Magenta I I Pale Blue I Pale Cyan I

1 255, 0,255 I 128, 0,255 1 0, 0,255 1 0,128,255 1 0,255.255 1
I Full Magental I Full Blue I I Full Cyan I

1 255, 0,128 1 128, 0,128 1 0, 0,128 1 0,128,128 1 0,255,128 1
1 I-Dark Magenta I Dark Blue I Dark Cyan I

f 255, 0, 0 1 128, 0, 0 1 0, 0. 0 1 0,128, 0 1 0,255, 0
1 Ful Red IDark Red IBlac___k IDark Green I _Full GreenI

1 255,128,128 1 255,128. 0 1 128,128.128 1 192,192,128 1 128,255, 0
1 Pale Red I Orange I Grey

1 255,255,255 1 255,255,128 1 128,128, 0 1 255,255, 0 1 128,255,128
I Full White I Pale Yellcw I Dark Yellow I Full Yellow I Pale Green
TI e I I Initia____lsof__h I _ Iaette.

Table 9 Initial colours of the palette.
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When the command is exercised, a box appears on the screen, and it
can be moved by the rolling ball, and its size can be altered after
pressing 'CEG'. The format of the palette, is 5 patches in a row, and
6 rows, remains constant. Pressing 'DPUT' causes the palette to be
written in the desired area of the output store, the LUrs to be
modified, and the user to be returned to the menu. The way in which
this function operates, is that the top left patch is written into the
outpzt store at level 224, the next patch to the right at 225, and so on
to the bottom right corner which is at 254. The LUTs for all the grey
levels between 224 and 254 are changed to give the initial colours.

LINEAR STETCH

SUMMGARY

With this command, the user is able to manipulate the contents of the W2rs.

The principle of operation is as follows. For one location (or address)
in each of the three LTs, the user chooses red, green and blue values,
which will be the new contents of that location. Three values for red,
green and blue are then inserted into another location in the LUT.
Between the two locations specified, GEMSTN inserts values in the LUTs
which form three Inr ramps from the first location to the second.
For exmple, if 255, 0, 0 (ie full red) were put in location 100 and 0,
255, 0 (ie full green) were put in location 103, GEMSZ= would put 170,
85, 0 in location 101, and 85, 170, 0 in location 102. The resulting
image would be unchanged from level 0 to 99 and from 104 to 255. At
level 100, the image would be full red with the shade changing through
brown-yellow to full green at level 103. A third location in the LUTs
could be chosen and there would be a lInear ramp in the contents from
the second to the third location, and so on. It is often helpful to put
a grey wedge on the screen using the '=EY SCALE' command to examine the
effect of a particular IInea stretch.

The process can be used for a wide variety of contrast stretches.
A stretch to produce the negative of an image, would simply require 255
in location 0, and 0 in location 255. This coammnd would insert all the
other contents correctly. A piecewise Linear contrast stretch could be
produced with the same or different values in the three LUTs at each
location. This would be like the manual contrast stretch on page 29,
but instead of being restricted to lin or two step linear, multiple
steps could be used. Considerling the graphics image of a set of filled
boxes on the screen, if they were drawn at different pixel values, they
could be coloured in progressively. '"OLOU ROTATE' (p123) could also
be used to animate the sequence. If the linear stretch were such that
there was only one non-zero entry in the LTJT. then only one box in this
example would be visible at any one time. '01a0UR RGTATE' would then
cause the boxes to appear in turn to give another type of animation.

The user is first asked for the colour (or the contents of the
LUTs) of the first location to be changed, using either 'cursor' or

'numbers'. For the former, the cursor is put over a suitable colour in
the inage. eg in the colour palette. For 'numbers', each component Is
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varied by the rolling hall with the 'Q=T' button being used to cycle
round red, green and blue. The current values of the three components
appear on the screen, and there is a sma1 bar over the component
currently being altered. One 'NPUT' has been pressed, the user is
asked for the location (or address) in the LUTs for thi set of three
values. There is the same choice again in that 'cursor' can be used to
seleot a pixl value in the image, or 'numbers" can be used to choose
the location with the rolling ball, fini.shing in either case with
-'INPU'. T2he colour or contents of the LUTs at the second location are
net required and are entered in the same way as the first. (ie If the
'cursor' was used for the first set, it will be used for all sets).
Lastly, the location for the second colour is selected in the same
manner as for the first , and as the location is changed, the LUT values
are changed, thereby allowing the user to examine dynamically the effect
of the operation. Third and subsequent contents and locations can be
chosen until 'QIT' is pressed to return the user to the menu.

00WCUR1R0TEAT

U This ccmmand is used to rotate the contents of the LUTs.

COMMA I DEIAM

The user is first asked fcr the lower location in the LUTs for this
rotation operation. This is selected with the rollin ball, the value
being displayed on the screen, and the number is entered with 'NPUT'.
In the same way the upper limit is entered after which, the process
starts. The contents of the LUTs at the lower location are transferred
to the upper location whose contents move to the location one below, and
so on. Thus, using the example in 'LINEAR STP0TCH' above, the following
shows the first steps in the sequence where 100 and 103 are the two

Ilimits.

Location Step 0 Step 1 Step 2 Step 3

104 104,104,104 104,104,104 104,104,104 104,104,104
103 0,255, 0 255, 0, 0 170, 85, 0 85,170, 0
102 85,170, 0 0,255, 0 255, 0, 0 170, 85, 0
101 170, 85, 0 85,170, 0 0,255, 0 255, 0. 0
100 255, 0, 0 170, 85, 0 85,170, 0 0.255, 0
99 99, 99. 99 99, 99, 99 99, 99, 99 99, 99, 99

The rate at which the LUTs are circulated is controlled by the
rolling ball. Moving it to the right causes the time between steps to
increase, and vice versa. As mentioned in 'LINEAR STREr', thts
command is normally used for an'intion with colour moving through a
sequence of objects, or for displaying a sequence of objects in turn.
This rotation of the IUfs is terminated by pressing 'INtJ'.
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3-D FI

SUMLARY

The result of this operation is an image which is a 3-D view of the input
image with distance in the 'z-axis' being proportional to the plel
intensity.

CO IN DEAIL

The first requirement is to choose the input or source image, which is
selected with the rolling ball and then 'INPUT' is pressed. The output A
image will appear in the store selected with 'OQUIPT PLANE', but there
is also an output for the 'grid' amd the 'axes', either of which can be
put into overlay plane 4 if desired. 'Axes' is a drawing of a box
representing the axes of the 3-D image, and grid is an xy grid laid on ]
top of the 3-D image to give another impression of the upper surface of
the 3-D object. The store for the grid is selected and 'INPUT' pressed,
(or 'QUIT' is pressed if no grid is required). The same process is
repeated for the ames store. A box then appears on the screen, and it
can be moved over the area of interest in the input image, with the
rolling hall. The size is set at 256 by 256. This may be reduced if
required by pressing 'CHNG' and using the rolling ball, but it cannot be
increased. Having selected the area and pressed 'IMPUT', a 3-D view of
the area as viewed from the bottom right of the image, is written into
the output store.

Fig. 31 contains two examples of this function. The image at the
top left of the figure was the input image, and the result, sliced, is
shown at the middle left, with the axes and rid clearly visible.

3-D G~MTAL

SUMMARY

This cogVnd is similar to '3-D F D' except that there is much more
flexibility in viewing angle and position. but there are no grids or axes.

Having chosen the input store and pressed 'LNPTUT'. four viewing
directions, bottom, top, left and right are presented. 'Bottom' means
that the observer is viewing from the bottom of the screen. When the
direction has been selected and 'PUT" pressed, the user is asked for a
view angle from 0 degrees, which is a view in the plane of the image, up
to 90 degrees, which is a view vertically down on the image. 45 degrees
is suggested, but this can be altered with the rolling hall, and 'INfUT'
is pressed at the end. A '% Scale Height' is next requested and this
can best be considered for the case where the view angle is 0 degrees.
If the % scale height is x%, then a pixel at level I will be shifted in
the z-d.trection by I times 1%. Thus, with the default of 25%, a pixel
with an intensity of 128 would be displaced by 32 places on the screen.
However, the z-direction does not exist on a 2-D TV screen but is
actual y up the screen in what is normally considered as the
y-direction. The presentation when the view angle is 0 degrees is
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correct. At other angles, the displacement is still in the veticaj
direction, amd, although the image is now quite distorted, the illusion
of a 3-D image can still be created. When the viewing angle is g0
degrees, some very odd effects can result since points in the 2-D image
are displaced within the imae, depending on their intensities. When
the scale height has been chosen between 1% and 100%, amd 'INPuT'
pressed, a box appears on the screen. Both the position and the size
can be varied with the rolling hall, the latter after pressing 'CN',,
amd the box is placed over the area of interest in the input image.
After pressing MPUT', another box appears, representing the area in
the output image into which the 3-D picture is to be written. The
position and size can be changed again, but care should be taken to

Lensure that the top of the image in the 'z-direction' is not truncated.
When 'IN IT' is pressed again, the process starts with the 3-D image
being written into the store specified with 'OUTPUT PLANEI. It is
possible to produce many views from different directions or at different
angles, within the one image.

SAVE STRETCHa

SMOLARY

It is possible to save up to 8 stretches (ie 8 sets of the contents of the
three LUTs), with this command. It is exactly the same as the 'SAVE
STRET' command used in the Contrast Stretch chapter (p31), and uses the
same locations to store the information.

OMMAND IN DETAIL

The only secondary command, is to name the stretch, from A to H. These
names are exactly the same as those used in the Contrast Stretch
chapter, so that if a stretch was saved as A in that chapter, it would
be overwritten if a stretch were saved as A using this oommand. If the
LUTs have been modified using 'P=E COIUR', 'COLCUR PAL ', 'LINEAR
STRETCH', or 'CLOUR RTATE', this o=and will hold the LUT contents
which resulted from the operation. One line of comnt can be typed on
the terminal to describe the stretch, and this is saved with the
stretch.

RESTCRE STRETCH

SUMMARY

This command allows the user to restore a preyicusly saved contrast stretch
into the UTs.

COMMAND 32 DETAIL

The only secondary command is to give the name of the contrast stretch
to be restored. If 'None' is specified. the LUTs are set to the unity
transfer function. (ie there is no contrast stretch applied to the
image). Any stretch saved within this chapter or in the Contrast
Stretch chapter can be recalled using this co=marnd, and the descrir-ve
text supplied when the stretch was saved, is reproduced on the VU.
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Fig 36 The 'Aritbnmtio' page
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5.10 Arithmetio

In thi chapter, arithmetio operations are performed where an image is
treated like a number. Thus, just as two numbers can be added, two images can
be added, where one pixel is added to the corresponing pixel in another image.
The first four ocmma=a are very simple and permit the user to add, subtract,
multiply or divide two images and produce acceptable results. The rest of the
chapter is concerned with more ocomplicated functions than these four, and with
the evaluation of oomplex equations. Since there are no values built into the
general functions to ensure that the resultant images are within the range of
the stores and formats (eg 8-bit, 16-bit or floating point), the user must
consider the range of the output data when running all but the first four
commands.

AMD
4"'i, SUMARY

One image can be added to another, pixel by pixel.

The secondary commns give the area to be added (either the whole
screen or a quadrant), the first store, the store to be added, and the
store into which the result will be written. When 'INUT' is finally
pressed, the top left pixel of the first image is added to the top left
pixel of the second image, the result is divided by 2, to keep the
intensity in the range 0 to 255, and the resultant top left pixel put in
the output store. This process is repeated for all the other pixels in
the images.

SUMMARy

One image can be subtracted from another, pixel by pixel.

C01OWND 321 DETAII,

Subtraction is performed in the same way as addition, except that the
equation is

(output store) - (first store) - (second store) + 127.

The reason for adding 127 is to make the results positive, since the
system cannot display a pixel having a negative intensity. It is still
possible to have a pair of input images which produce a pixel with a
negative number and if this occurs. it is replaed by zero. Equally, it
is possible to have a result greater than 255 in which case it is
replaoed by 255. For highly uncorrelated images, the user can either
accept that negative values are all set to zero, and the large values
are limited to 255. or apply a contrast stretch to reduce the range of
the input images, or use the full arithmetio operations described belcw.
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M76T

SUMMASM

One image can be multiplied by another Image, pixel by Ixel.

Multiplication is performed in the same way as addition, except that the
result is divided by 255 to keep the output withLin the range 0 to 255.
The largest possible output pixel is 255 (from one image) times 255
(fr=m the other) divided by this constant 255, giving a resu.t of 255.
If both input images are dull with maximum pixel values of 128, the
output image will be very dull with a maximum value of 128*128/255, is
64. Images should therefore be stretched to cover the full range 0 to
255 before uslng this commaad.

DIV

One image can be d.ivided by another, pixel by pixel.

Division is performed in the same way as addition except that the result
is multiplied by 100. If one image is divided by another which is very

i i lar the answers without scaling will be around 1. The multiplier
gives the resultant image a reasonable range. If a bright image (with
the brightest pixels at 250) were divided by a dark image (with the
brightest pixels at 50) then the result, when multiplied by 100, will
far exceed the limit of 255 (250/50 times 100 is 500 in this case).
Pixel values greater than 255 are stored as 255. Images shculd
therefore be stretched to cover the full range 0 to 255 before using 9

ttscommand.

EF= PROGRAM"

SUNMRY

Using the wide range of secondary 0rads described below. complex
equations or programs may be constructed.

COOAND IN DETAIL

This command functions in a similar way to an electronic calculator.
There are two sets of secondary conands. one for the functions and the
other for the operands, ie images, constants. Up to 64 steps can be
used to define a program. but more than one operation can be included In
one step. As the program is being defined, the number of steps left is
displayed on the VO.
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To illustrate the similarity with a calculator, consider atdi g
the contents of store 1 to the contents of store 2, and putting the
answer in store 3. GEMSTWE suggests that the first function to select
is 'load'. This is similar to entering a number into a calculator. If
'INTI is pressed for 'load', GEMSTCNE next suggests that an 'integer
store' be chosen. If this is selected, the user is asked for a store
number. Thi is provided by moving the cursor over the store (store I
in this exmple) and pressing 'ZNT'. At this stage, store 1 has been
'loaded into the calculator'. The cursor is now back in the function
secondary comand are, and 'plus' can be chosen, just as the plus
button on a calculator. Having selected this, an operand is required,
and the cursor is positioned over 'integer store'. If this is selected,
store 2 can be chosen. At this stage, we have specified that store 1 is
to be added to store 2, and all that remains is to choose a store for

( the result. After store 2 is selected with the 'INPUT' button, the
cursor moves to the functions again, where 'store' can now be selected,
followed by 'integer store', followed by store 3. Since no more
operations are required, the last function is 'end'. At this stage, a
program has been defined, to load the 'calculator' with the contents of
store 1. add the contents of store 2, and put the result in store 3. To
check tbat the program has been entered correctly, 'PMM T PCG2' can
be executed. The calculation can be performed by selecting 'MC=xT.'.
All the calculations are performed using the floating point functions of
the host computer to maintain good precision over a wide range. Integer
intensities are converted to floating point numbers for the calculations
and converted back at the end, if required.

Having understood the basic operation of this 'calculator', the
operamds and functions can be examined in more detail. These are
described below

Regi. Peg, Reg3. Reg4, Reg5. RegG. Just as in many ordinary
calculators, this 'calculator' has six working registers or stores.
Regi is the first one normally used, and for many small sums, this ray
be the only one used. The current register number is given at the
bottom left of the television screen. If an equation of the form
Output - ( ....... ) + ( ....... ), is to be evaluated, the contents of
the first r of brackets can be calculated and the result left in

F1  Regi. Reg2 can then be used for the sccd pair of brackets (with
'Load' or 'Use Reg' functions), and finally Reg2 can be added to Regl
to give the output. When 'PPR. PRLGRM' is executed, it may be
noticed that 'REGO' is sometimes used. This is another register used
only by GLMSTE to do internal calculations and can be considered as
a 'private' working register. Further uses of these registers as
stores for intermediate results are illustrated in the eamples at the
end of the chapter.

Integer Store. A store number will be given after this corared. If

the number is 1, 2. 3, or 4, the contents are treated as 8-bit integer
intensities and if the store number is in the range 5 to 20 inclusive,
the contents are treated as 16-bit integer intensities ie 15 bits and
a sign as described on page 7.
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Floating Store. A store number in the range S to 20 inclusive, will be
given after this command, and the contents are treated as intensities
in the floating point format described on page 7.

Constant. The user can set any constant number using this command. The
number is at the bottom left of the screen amd can be changed with the
rolling hall. If "*C'G' is pressed, a wall bar above the number can
be moved to the left or right using the rollin ball. When the
rolling ball is next used to change the number, only those digits to
the left of the bar are changed. In this way a number comprising many
digits can be input quickly. If the 'CG' button is pressed again,
the rolling bal controls the position of the decimal point so that
decimal numbers can be input. Pressing 'CHM' again causes the
rolling ball to control the numbers again, and so on. The number
under 'P1' below, could be entered as 28 followed by one press of
'CHM' to move the bar two places to the left. After two further
presses of 'CHr', the digits 59 can be entered so that 592 appears
on the screen. This process is repeated until 31415926 is on the
screen. Having set the digits 31, two presses of 'CHG' permit the
user to move the decimal point to the correct position.

nteger Parameter. When a program is to be run several times with only
a few changes of parameters, it is convenient to define the progrfam
with the integer store number(s) being set when the program is
executed. If 'Integer Parameter' is selected instead of 'Integer
Store', a space will be left in the program. Supposing the contents
of stores 1, 2 and 3 are to be multiplied by one constant, a program
could be defined with the source and result stores being left as
parameters for insertion at execution. The one program could then be
used to perform all three operations.

Floating Parameter. This is the equivalent of 'Integer Parameter' for
defining floating point stores. o

Constant Parameter. This is the equivalent of 'Integer Parameter' for
defining the value of a constant at the time of execution of the
program. Two examples are given at the end of the chapter.

PI. This is the constant u, equal to 3.1415928....

255. This is simply the number 255.

Stack[ In the exmple given undr Regl, Reg2, .... Pe, on page 129, the
two registers Regi and Reg2 were added at the end. Stacki simply
takes the current register and the register one less than the current,
performs the required operation (eg 'plus' for this example) and puts
the answer in the register one less than the current. This type of
operation is simi la to the 'Reverse Polish' methods used in some
calculators with stack memories. These six registers do not however
function as a stack. In the previous example, Regl contained the
results of the first pair of brackets and Reg2 the second. The result
of the simple addItion would be placed in Reg2. Selecting 'Plus' and
'Stack I' would cause Regi to be added to Reg2 and the result put In
Regi, but the stack would not 'move down' as in most calculator
memories.
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All the possible functions are as follows -

Load. Thi funtion is used to load a register with an image store, a
constant, or the contents of another register. The first time it is
used, REGI will be loaded. On subsequent occasions 'Load' will
automatically increment the register number. Immeiately after the
function 'Use Reg', 'Load' does not increment.

Store. The contents of the register currently being used can be placedin an image store.

Use Reg. This enables any of the six registers to be selected.

End. When the program has been completely defined including where the
results are to be stored, this function is used to finish.

Plus. The contents of the current register are added to the nex
operand, be it a constant, a store, or another register. The result
is put into the current register, overwriting the previous contents.

Minus. The next operamd is subtracted from the current register and theUprevious contents are overwritten.
Times. The current register is multiplied by the next operan,

C- overwriting the previous contents.F
Div. The current register is divided by the next operand, and

overwrites the previous contents. If an attempt is made to divide by
zero, zero is changed to approximately 10 to the power -12.

Xpos. The intensity of a pimal is mad equal to its x co-ordimate and
the result is put into the current register, if it has not been used
before (eg if this is the first function), or into the next register
otherwise.

Ypos. The intensity of a pixel is made equal to its y co-ordinate and
the result put into the current register, if it has not been used
before, or into the next register otherwise.

Min. The mminmum of the current register and the next operand is put
into the current register. This is very like the Fortran langage
Cc=and MIN. If for example, an image is to be limited so that
intensities over 100 are chan ed to 100, this can be achieved by
takin the minimum of the image and the constant, 100.

Max. The mamimum of the current register and the next operand is put
into the current register. If for example a 16 hit image is to be
limited to positive values only, this can be acbieved by taking the
maximum of the Image and the constant, 0.
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And. The logical AND of the current register and the netoperand is
produced and put into the current register. For the first four
stores, the AND is performed using the 8 bits. For the other stores,
16 bits are used if the contents are integers. If the contents are
floating point numbers, they are converted to 16 bit integers before
the AND funtion is performed. A simple example of the use of this
function is where the least significant 8 bits of a 16 bit integer
store are to be copied into one of the top four stores. By taking the
AM of the image and 255 decimal, (ie 11111111 in binary) all bits
except the bottom 8 bits are masked out.

Or. The logical CR of the current register and the net operand is put
into the current register in a simi fashion to 'And' above.

Zo. The logical elusive CR of the current register and the next
operand is put into the current register in a similar fashion to 'And'
above. A simple example of this function is that the exclusive OR of
an Image with the constant 255 produces the negative of the Image.

,0. If the value in the current register is positive, the number 1 is
put into the current register. If the value is negative or equal to
zero, the number 0 is put Into the current register. This cormand
provides the basic functin required by many decision makin processes
and is illustrated in an example at the end of the chapter.

Sqrt. The contents of the current register are replaced by their square
root. If the contents of the register are negative, the output is set
to zero. This is a quick and convenient way of reducing the range of
a 16 bit Integer image (In stores 5 to 20), Into 8 bits for display in
one of the first four stores.

Abe. The contents of the current register are replaced by their
absolute value. ie any negative signs are removed.

Chng Sign. The sign of the number in the current register is changed.

Random. A random number in the range 0 to 1 is put into the current
register. To perform this function, the computer oJ.-.k is read as a
32 bit integer, and the first pixel is produced by adding this integer
shifted 8 bits to the left, to this integer shifted 8 bits to the
right. The second pixel is produced by add Ing the first pixel (in 32
bit form) shifted 8 bits to the left, to the first pixel shifted 8
bits to the right, and so on for all the other pixels. Durizg the
shifting operations, undefined bits are set to 0. This algorithm
produces images without visible patterns unlike many other types of
'random' number generators, and also produces different images each
time the function is executed, since the startng point, the computer
clock, is changing continuously.

Sin. The contents of the current register are treated as radians, and
replaced by their sine.

Cos. The contents of the current register are treated as radlan, and
replaced with their cosine.



Abs2. This function and the next are used to convert from rectangulax
to polar co-ordinates and can therefore be used to convert a complex
image, where the real part is in one image store and the imaginary
part is in another . into images of magnitude and phase. This function
produces the magnitude by taking the square of the current register,
addig it to the square of the next operand, and putting the squa.e
root in the current register.

Arg. This is the second of the pair of commands mentioned under
'Abs2', and gives the argument or phase of a pair of images. The
angle in radians, whose tangent is the next operand divided by the
current register, is put in the current register. For the inverse
operation, the image in the x-direction (real part) is produoed by
multiplying the magnitude image (possibly produced by Abs2), bythe

r 'Cos' of the argument or phase image (possibly pcroduced by Ar). The
y-direction image is made from the magnitude times the 'Sin' of the
argument.

tLog. The contents of the current register are replaced by their
logarithm to the base e. If the current register is zero or negative,
it is set to 0.000001 before taking the log.

Exp. The contents of the current register are replaced by their
exponential. This function can also be viewed as the antilog of "log'r above. Ptaising an image to a fractional power can be done simply bytakIn the log, multiplying by the power number, and taking the
antilog. The maximum value of this function is exp(80), and any
argument greater than 80 is set to 80.

Int. The contents of the current register are replaced by their
integer part. If 3.14 were in the register, thi cmnd would

F1  produce 3.
Frac. This is the complimentary function to 'Int' and replaces the

current register with its fractional part. If 3.14 were in the
register, this ccmand would produce 0.14.

SUMMARY

The last program to be defined (with 'MEFIE FRCGRAM') or the last prcgram
restored (with 'RES= B PRC.-AM'), is executed using this cczmand. If
parameters require setting, they will be asked for in the order in which
they appeared in the program.

PIRLfT PRCMAM

SM.MARY

The last program to be defined (with '==E PRCMAX). or the last prcgram
to be restored (with 'RES=. P"c.AM'), is printed using thls cc='-d
Some outputs from this command are given in the examples at the end of the
chapter.



134

SAVE PPLGRAM

SMARY

Up to 8 programs cam be saved using this command. One line of text can be

typed at the terminal and saved with the program to identify it.

RETME PORA

SUMMARY

One of up to 8 previously saved programs ca be restored for subsequent
excution (with '=C=JT') ThMe description of the program which the user
previously typed, appears on the VU

The following are examples of some of the fuctions described above, and
they also illustrate tbae use of the registers eto. On the left side of each
example, are the sequences of commads, comments are given in the middle, and on
the right side are the lines given on the VDU when '/PR=l PRCGRAM' is executed.

Eample 1. Suppose there are images in stores I and 2, and that it is
required to make store 3 equal to (store 1 - store 2)/(store 1 + store 2). This
essentially shows the difference between the two input images and by dividing by
the average, the common intensity variations are removed. For remote sensing
images, this ie used to show mall differenoes between two spectral bands, and
remove variations due to differing sun angles, to at least a first
approximation.

Commard Comment ' T CAI

Load Load the whole of the integer
Integer Store image store 1 into the calculator.
Whole Screen 'DV is the first store, and 'WS'
Dl is Whole Screen. RBG1: LOAD STI WS

Plus Evaluate the denominator first.
Integer Store Add the second store.
D2 REGO is used by MiSL=E for the PEGO: LAD ST2 WS

calculation. R G1: PLUS REGO

Load Keep the denominator in REG1 for
Integer Store the moment, and load the first
D1 numerator store. Note that 'Load' PR2: LOAD STI WS

increments the register number.

Minus Subtract the second store.
ltteger Image Store
'2 REPGO: LOAD ST2 wS

RX2: MUS REGO
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Div Divide the numerator by the
REG denminator in REGI. EG2: DIV BY RE1G

Times The range of the data must be
Constant adjusted. If the average value of
(200, Rolling Ball) each Image was 100, and the max RG2: TIS 200
Plus differenoe was 100, then the value
Constant of the result would be about
(128, Rolling Ball) + or - (100)/(100+100), Ie +- 1/2. REG2: PLUS 128

Multiplying by 200 and adding
128 gives a good range and no
negative values, respectively.

Store
- Integer Store Put the result in store 3 and

D3 finish. Note that the current RM2: S=CZ ST3 WS
End register is stored. EN

This program is a very mall one, taking only 8 steps cut of the possible
64. Consider now two variations, one that the numerator is evaluated first, and
the second that the marimum difference between the two images is not known and
therefore the multiplier (which was 200) cannot be specified. If on executing
with a multiplier, the resultant image has a poor range because there is little
spread or there is considerable saturation. the program can easily be run again
with another value for the multiplier. The program is essentially the same to
' Div' except that the numerator is in REGI and the denominator is in REG2, which
is still the current register, as before. From immediately before 'Div', the
program would be as follows.

Command Comment regstrT( 2

Use Reg If the current register (REG2)
Regl were divided by REG1. as above, the
Div inverse would be produced. These
REG2 co-anls correct this. RM: DIV BY RE2

Times Since the multiplier is not known
Constant Parameter in advance, it is left as a number REG1: TIIES PA-A=
Plus to be specified at execution.
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=rmple 2. A wide variety of graphios images can be generated with the
tools within this package. The top left image in Fig 31 was generated using the
equation given on page 86, ie

Output image - 64(-c=(ps1 - oon(512Yps1)

The following sequence of commana is one way of producing the result.

Co~a~ C~entPRINT PI~C

Xpos The argument of the first oosine RG1: XOS
Minus is evaluated.
Constant
(1, Rolling Ba.11) REGI: X= I
Div Note the use of the system
255 supplied constants, 255 and PI. REG: DIV BY 255
Times
PI REG1: TIMES 3.142
Cos Take the cosine of the argument, REGI: OOS
Chng Sign and take it away from 2. REG1: CG SIGN
Plus 0
Constant
(2) RE1: PLUS 2

Ypos Repeat for the second cosine. REG2: YPOS
Chng Sign REG2: C SIM
Plus
Constant
(512) REG2: PLUS 812
Div
255 REG2: DIV BY 255
Times
PI REIG2: TIMES 3.142
Cos R Y2: COS

Use Reg The total is being accumulated in
Regi Regi. (age to Begi and subtract
Minus Reg2.
Reg2 RG1: MUS REG2

Times Multiply by the constant to fill
Constant the range, and store the result.
(64) RM1: TIES 64
Store
Integer Store
Whole Screen
DI REG1: SFXZ STI WS
End
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Example 3. Suppose it is required to generate an image of a '(sin t)/t'
pattern in two dimensions, centred in the middle of the screen and having about
four rings around the oentral peak. The problem can be split into two paxts,
the evaluation of (sin t)/t, and the evaluation of t. It should be noted that
when t approaches 0, the value of the function is 1. However, since (sin t) and
t are evaluated separately in GEMSTCNE, the function would reduce to 0/0 and
thus he indeterminate. All that is required is to limit t to a number close to
but not equal to zero. If
t - sqrt( (x-255.99)**2 + (y-256)**2) / 10. where **2 means to the power 2,
then (sin t)/t would be oentred, and have 4 cycles of 23. The maximum value of
the function is 1.0, and the minimum is -0.21723. A program to produce this
image is given below.

F Coand Coment "PRIT PJ '

Xpos Load Xpos and centre it. REG1: XPOS
Nmius
Constant
(255.99) REGI: MI= 255.9(0

Load Copy Regl into Reg2 and multiply
Regl them to produce the square. REG2: OAD REG1
Use Reg

S Regl
V Times i

Reg2 ___: =S MES_

Ypcs Repeat for Ypos. Note that Reg2 REG2: YPOS
Minus is overwritten by Ypos by the
Constant automatic incrementing of the
(256) current register, which was Regl. REG2: MIUS 256

Reg2 RE3: IAD REG2
Use Reg
Reg2
Times
Reg3 RE2: T=S R.G3

Plus Add the two parts together.
Regl RBG2: PIZS REGI

Sqrt Take the square root. RE_2: SqRT
Div
Constant At this stage, 't' has been
(10) evaluated. REG2: DIV BY 10
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Load Since 't' is used in two places
Reg2 it is copied into Reg3. REG3: LOAD RE2
Sin Take the sine of Reg3. REG3: SIN
Div
1Reg2 Divide (sin t) by t. REG3: DIV RER2

Plus By adding 0.22, all the negative
Constant values are removed.
(0.22) REG3: PLUS 0.220
Times By multiplying by 209, the number
Constant 1.22 (ma-.r.m- value - 1.0 + 0.22)
(209) becomes 255. REM: 7TS 209

Store Put the result in store 4.
integer Store
Whole Screen
D4 RE03: STR ST4 WS

The image at the top right of Fig 39 was produced by this method. It will
be noticed that the number of the current register has been increasing as the
program has developed. This is generally unimprtant in a small program such as 0
this with only 12 steps out of the 64 possible. In this example, 'x squared'
was held in Regi, and 'y squared' in Reg2. When they were added, Reg2 could
have been added to Regl with 'Use Reg', 'Reg', 'Plus' and 'Reg2'. By this ]
means, Reg2 would be wad available again. As it was, 'x squared' was left in
Regl and was not used again. Alternatively, the Stacki command could be used
when REG2 is the current register. Instead of 'Plus' and 'Reg' in the example,
'Plus' and 'Stacki' would add Regi to Reg2 and put the result in Regl. For a
larger program, this example illustrates that it is worthwhile plannin how the
sum is to be evaluated, and how the registers are to be used.

Example 4. This last example shows how a simple conditional step can be
made in a non-linear filter. Assume that the image to be filtered (image R) is
in store 1 and that store 2 contains an average (image S). The principle of
this non-linear filter is that if a pixel is within a small range of intensity
of the local average, it should be kept, or if it is outside this range, it j
should be replaced by the local average. Such a filter could be used in a
similar way to "MEDIAN &COvT' in 'Maths Operations' (p58), to remove noise
spikes in an image. ' O'H" in the Maths Operations (described on p47) can be
used to produce the average quickly with for example a 3 by 3 filter giving an
average which incl-rtdes the middle pixel. If only the 8 neighbours and not the
centre pixel, are tu be used, a filter with a zero in the centre and 8 ones
round the neighbouring locations could be produced using 'Lizear Filters'.
There is thus great flerbhiity in producing the 'average'.



Mal problem can be split into two parts, namely find.ing if image R is
significantly different from S, and then producing the output image of pieces of
R and pieces of S.
Let Q - 0 ( Abs (R-S) - x)
where '"0' is the function described on page 132. If the absolute difference
between R and S is greater than the parameter "x', the value of Q is 1. If the
difference is less than or equal to 'x', the value of Q is 0. Finally, if the
output image is R(1 - Q) + S.Q, the non-linear filtering operation will be
performed.

Ccmwmd Comment "PR=T PRRAM'
Load The 'average' image is subtracted
Integer Store from the original. ie R-S.F Whole Screen
DI REGI: LOAD STI WS
Minus
Integer Store
D2 REGO: LOAD ST2 WSREGI: MOMU REGO

Abe Q is calculated net. REG1: ABSMinus
Constant Parameter This is 'x' in the equation above. REGI: MUS PARAMT

, 0 REG1: ,0
Load A copy of 'Q' is left in Regi.
Regl REG2: LOAD REG1
Chng Sign R(1-Q) is evaluated first. REG2: CG SIM

L Plus
Constant
(1) REG2: PLUS 1
Times
Integer Store
Di REGO: WOAD ST1

REG2: TIMES REGO

Use Reg Q times S is now found.Regl
Times
Integer Store
D2 REGO: LOAD ST2

REGI : TIMES R.EGO

Plus The two parts are added and the
Reg2 result put in store 3. RE1: PLUS REG2
Store
Integer Store
D3 REG1: ST=E ST3 WSEnd END

This program of only 12 steps can be run with a series of different
parameters 'x'. to vary the effect of the filter.
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Fig 37 The 'Special' page



141

5.11 Special

TMi chapter is concerned with manipulations of the display stores and
overlay planes, in ways which enable the human eye to position images
accurately, observe sequences of images, cop images, rotate images, overlay
grids, and interpret uncorrelated sets of images.

PLANE FLICZ

SUMRY

This cmmand allows the user to flick quickly from one image to another, to
move one image relative to the other, and to measure the displacement
accurately.
COMMAND IN DETAIL

The only two secondary ommands specify the first and second stores to
be used in the flicking operation. After pressing 'INFUT' for each
store, a black and white image from the first store is displayed,
followed by a B/W image from the second, then back to the first and so
on. If the rolling hed l is moved or one of the four cursor controlF buttons is pressed, the second image is moved relative to the first.
When the image is zoomed. more precise movements may be made, as fine as
one eighth of a pixel at a zoom of 8 times. By this means, one picture
can be compared with another, and in particular, one area in the second
image can be correlated by eye with a reference area in the first. When
the 'INPUT' button is pressed to terminate the command, the displacement
of the second image relative to the first is displayed on the VDU. If
the pixel sacement is positive, the second image was positioned to
the right of the first, and if the line disp nt is positive, the
second image was below the first.

When moving the second image relative to the first, if 'CMZ' is
pressed. both images can be moved together. Thus when zoomed, an area
which is outside the screen, can be moved into the display area. If the
'NOD' button is pressed so that the light is extinguished to signify
mode 1, the rolling ball can be used to control the flick rate from one
image to the other. Initially, one image is displayed for 1/50 second,
and then the other for 1150 second, eto. This is the fastest possible
rate.

PLANE MQM

SUMMARY

A sequence of stores can be specified and displayed in turn at a variable
rate. When the last store has been displayed, the sequence can either
reverse direction, or start again from the beginnin.
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i COMMAND IN DETA=L

All that is required for this command is to specify the image planes or
overlay planes in the order in which they are to be displayed. Having
specified the first one, the user has the option of displaying the whole
image, or a quadrant. Assuming the former option, all that is necessary
is to specify the other planes in the sequence, finishing with 'End'.
The display sequence then oommoes from the first to the last, followed
by the first again, eto. The rolling hall controls the rate at which
the planes are displayed. If the 'ICG' utton is pressed, the sequence
is from the first to the last and then from the last to the first with
the rolling ball controlling the rate. Thus if the first three stores
had been selected in that order, initially the sequence would be,
1-2-3-1-2-3-1-2... and after pressing 'C;G*' the sequence would be,=- I-2--3-3-2---2...

This comman can be used to look at a sequence of 4 full images in
a GS sytem with 4 image planes. If the 'Part Screen' option is
chosen, then only a quadrant of the image plane will be displayed at
each step. There is an automatio zoom by two so that the quadrant fills
the screen. Thn a sequence of four pictures each of 256 pixals and 256
lines, could be put into an image store, and the display sequence could
cycle around tae four sub-images in the one store. Using all four
stores would permit the display of 16 sub-images in a sequence.

Finally, for those systems which have 1024 by 1024 pixel stores,
there is a further option of 'Small' or 'Large'. For 'Small', only the
top left 512 pizel square is used, whereas for 'Large', the whole store
is displayed. Thus 'Part Screen' followed by 'Small' would result in
quadrants of the 512 square image being displayed, and 'Part Screen'
followed by 'Large' would result in quadrants of the 1024 square image
being displayed.

The process is stopped by pressing 'INPUT'.

SUMMARY

This command allows the user to copy the whole of a store to itself or to
another store. A quadrant of one store may be copied to another quadrant in
the same store, or to another store. Inversions and rotations during the
copy process are also possible.

COMMAND INDErA=

The user is first asked to select one of seven possible operations to be
performed during the copy process. 'Normal' results in a straight copy
with no processing. 'Top Bottom' causes the top line to be eplaoed by
the bottom Line, eto in the output image. This is the sae as flipping
the image about a horizontal ine through the oentre. 'Left Right'
causes the rightmost colun to be replaced by the leftmost column. eto.
This is the same as flipping the image about a vertical line through the
oentre. 'Rotate 180 Deg' results in an output image rotated through 180
degrees about its mid point. 'Rotate 90 Deg' results in an output image
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which is rotated through 90 degrees in an anticlockwise direction, about
its mid point. 'Rotate -90 Deg' is the same but with a rotation in the
clockwise direction. Finally, 'Transpose' swaps the x and y
oo-ordinates. Ths is the same as flipping the image about the leading
diagonal, ie the line from the top left to the bottom right.

Having chosen the processing to be performed, the input store is
selected, and the area specified Cie the whole area or one of the four
quadrants). The result store is next selected (together with the
quadrant, if the whole area was not selected for the input store).
Finally, for systems with 1024 pixel square stores, 'Small' can be
selected for 512 pixel square images, or 'Large' for the full 1024 pixel
square images. The operation is performed by pressing 'MUT'.

S ROTATE

SUHARY

ThiS ommamd allows the user to select an area from one image and copy a
rotated version to the same or to another store.

COLAmD nI ZEEAIL

The first two ocmmands specify the input and result stores. Two boxes
are put on the screen, but sinoe they overlap, they appear as one.
Initially. the rolling hell controls the position of the centre of the

axea in the output store, into which the copy is to be made, and one of
the boxes on the screen, representing this area, moves with the rolling
ball. After pressing ICENG', the rolIng hall controls the size of the
area. in the output store, into which the the copy is to be made, and
both boxes on the screen change accordingly. Pressing '=G' again
permits the user to move the centre of the area to be copied from the
input store, and after the final "fl'G', the box representing this area
can be rotated. On the VDU, there are a few words to inform the user of
the function of the rollin ball at each step. and the rotation angle in
degrees. The 'CHG' button operates in a cyclic manner !llowing the
parameters to be changed again, if required. When 'INQ U is pressed,( the area in the input store defined by the box, is copied and rotated
into the defined area in the output store. Nearest neighbour resampling
is used to produce the result.

=RAW GPM

SUMMARY

A rectangular grid can be put into overlay plane 3, to assist in the
location of points or areas. There are no secondary cormnds, and the grid
is produced on a 50 pixel/line spacing if the image has not been
geometrically transformed. For a transformed image, the pixel/line spacing
is chosen to give about 10 lines in each directlon, and reasonable numbers
along the axes.
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RCB TO InT HUE SAT

SUMMARY

Thi command performs the transformation from R- to a representation in
intensity, hue and saturation oo-ordinates.

Although the receptors in the human eye are sensitive to red, green, and
blue, the brain prooesses this information and the human would not
describe a colour in terms of red, green, and blue, but in terms of
intensity (or brightness), hue (or oolour), and saturation (or whether
it is a strong colour or a pale colour). For example, an area of colour
an the TV screen with the red, green and blue components set at 200, 200
and 100 rescvely, would be described as fairly bright, yellow and
slightly pale, rather than in terms of the primaxy oolours. What is
more, the human can determine intensity reasonably well irrespective of
colour and saturation, colour moderately well irrespective of intensity
and saturation, and saturation with same difficulty. Thus if three sets
of information are presented to the human in terms of intensity, hue and
saturation, the human mind can separate them. In GEMS, if three stores
oontaln unoorrelated data, (eg the first three images of a principal
components analysis, or three images of one area taken in the visible,
thermal infra-red, and microwave regions of the spectrum), and the first
image is used to control the intensity of the final display on the TV
screen, the second the colour, and the third the saturation, the human
can separate the three sets of information (ie uncorrelated data remain
reasonably uncorrelated to the human). Displaying the stores directly
in red, green and blue, mixes the information as far as the human is
concerned, and such a scene may be described as garish, confusing, or
uninterpretable. The exmples below show these effects. It should be
noted that the visual spatial resolution is good in terms of intensity,
moderate for colour, and poor for saturation. Therefore, if the three
GEMS stores contain images having different spatial resolutions, or
'quality, (eg noise, striping, eto), the highest resolution, highest
,quality, image should control the intensity, the next the hue, and the 3
poorest the saturation.

The TV screen has red, green, and blue phosphors, and so cannot
display intensity, hue and saturation directly. Thus, given three
stores which are to be displayed as intensity, hue and saturation, a
transformation must be performed, to produce three new images of the
red, green, and blue components, so that they can be displayed on the
TV. This operation is performed by the next co . The Cu-ren't
ccmmand performs the inverse transformation, and the ccmmazds are often
used as a pair as shown in the examples.

In the particular algorithm in GMISIME which is used for the
transformation, it is reasonable to make the intensity, I, the sum of
the three components, R,G,B. Since each component can have a value of
up to 255, "I' could be out of the range of the 8 bit store. Hence,

I - (R.-G-B) / 3.



For hue, consider this diagram G
where the RGE axes are shown
inside a triangle with the
origin in the middle, and the
maxima at the apexes of the
triangle. As an example, the
colour with RGB components
200,125,50 is shown at C, 10
which is the median of the
triangle formed by these
components. If a lIne is C
drawn from the origin, 0,0

Uthrough the point C, it cuts
the bmouary at H. The
position of H is independent
of I as defined above. If
the b undary has a linear
scale with 0 at the top of B R
the R axis, 85 at the top of
the G axis, 170 at the top
of the B axis, and 255 at
the top of the R axis again,
a number can be given to every possible colour within the RPB triangle.

From simple geometry, it turns cut that the hue (H) is,

H G-B .85 B-R .85 + 85 R-G .85 + 170
3(1-B5 3(1-R) 3(1-G)

for colours between red and green green and blue blue and red

IDespite the fact that the equation is defined in three parts, it

is continuous at the boundaries. For a monochrome image, the
denominators are all zero and the equations are indeterminate. Sinoe
the saturation is also 0, it does not matter which number is chosen for
hue, and so it is set to zero.

rTurning to saturation, consider a colour between red and green, if
3 there is no blue component at all, then the colour cannot be made any

stronger, and the saturation is set to 255. In the diagram above, as
the blue component tends towards the origin, the colour, C, tends
towards the RG boundary. When the blue component is zero, it cannot be
reduced further, and henoe the colcur, C, is at maximum saturation. As
the colour, C, is moved to the origin, the saturation reduces, to 0.
The equation used in GLST for saturation (S) is :

S - I-B. 255 I-R . 255 I-G . 255

for colours between red and green green and blue blue and red

The inverses of these operations are given by the equations.

R - I(1 + 2S - SH) G - I(1 - S + S), B - I( - S).
255 85.85 255 85.85 255



146-lw

It should be noted that whereas the transformation to IS haz no
scaling problems, it is possible to exceed the range of an 5 bit store
doing the inverse operation. For example, the bright red colour with
RGB components 255,0,0 would have IHS components of 85,0,255. If the
intensity image, oontaIning the 85, were stretched so that the 85 became
170, then the inverse transformation would result in RB components of
510,0,0, which is outside the 8-bit range. The 510 would in fact be
truncated to 255 . the maxim= value. In general, the user should check
if the histograms of the R components resulting from the 3hS to RB
transformation, show significant saturation, and if so, the intensity
image should be contrast stretched to reduce the maximum value, and the
transformation repeated.

The ideas above are illustrated in the following exmples. The
colour picture at the top left of Fig 38 shows a region near Bosherton
in Wales, taken by an airborne scanner system. The pixel size is about
2m. To the right and below this picture ar the images of intensity,
hue and saturation. Whereas the intensity image looks reasonable, the
hue image looks odd until it is noticed that the brightest parts
correspond to areas in the original which are blue-red, and that thedarkest parts are red-green in the original, eto. The saturation image
is also difficult to relate to the original. He the brightest parts
are the m.ost saturated. TIhus the river is highly saurted, which is [
difficult to see in the original, because the intensity is so low.

As a first example, it may be considered that the false colcur
composite has a restricted range of colours. Theme are certainly no J
shades of green, and a histogram of the hue image showing some well
separated peaks confirms this. If the hue image s stretched using
'A= EQaALISE' in the contrast stretch chapter (see p2 8 ), then all
colours become equally likely. On .performing the I to RGB
transformation using this stretched hue image, the more colourful
picture at the bottom left of Fig 38 results. If it is now considered
that the colours in this picture are weak, the saturation image can be
stretched (using 'AUTO LIEAR' or 'MANUAL' in the contrast stretch
chapter). The resulting picture after the ISS to RGB transformation,
displayed at the middle bottom of Fig 38, shows a wide range of strong
colours. This example demonstrates an alternative way of stretching an
image to make it more colcurful or attractive, and also more matched to
the eye and brain, thereby mae.misin the information transfer to the
human. By carefully choosing the contrast stretch function,
particularly for the hue image, a wide range of colour images can be
produced. including ones with colour biases, ones with particular ranges
of colour expanded, and as shown in the next example, ones with cert&aLn
colours excluded.
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The second ezmmple shows how uncorrelated images can be merged
more effectively usingM S techniques. At the top right of Fig 38 is a
thermal infra-red image of the region, with the bright parts
corresponding to areas which are hot, or have high surface emissivities,
or both. Replacing the red component of the false colcur composite with
the thermal image results in the picture at the middle right. Some
bright red areas are obviously 'hot', but elsewhere, it is difficult to
determine the 'temperatures', sinoe-the intensity of the red component
in a colour cannot easily be seen. By replacing the hue image with the
thermal image, and setting the saturation image to a constant value of
200 throughout, the 33S to RGB transformation yields the image at the
bottom right. The information from the false colour composite is
clearly seen as intensity, and. the thermal information is clearly seen
in different colours. Since red is normally oonsidered hot and blue
cold, a stretch was applied to the thermal image before the
transformation. A lInear stretch, with 255 being mapped to 0 and 0
being mapped to 170 ensured that the bright parts of the thermal image
would be red in the final image, the dark parts would be blue, and the
mid-grey parts would be green. This stretch also resulted in there
being no values between 170 and 255, ie between blue and red), since
this would confuse the 'temperature' scale.

U TMe last example at the top of Fig 39, shows a principal
components image displayed first as RGB and secondly as IRS. Eaving
decorrelated the three hands in the false colour composite by the
principal components process, the RGB presentation mixes up the data
again, as far as the humn is concerned. The ISS presentation attempts
to preserve the decorrelation, with intensity showing the first
component, hue the second, and saturation the third, although it is very
difficult to see the saturation information. There is generally
considerable noise in the third band of a principal components analysis,
and hence it is convenient to display this band as saturation, to which
the human is least sensitive.

One further example not illustrated here concerns the combination
of images with different spatial resolutions. Since the eye is most
sensitive to intensity variations, the highest resolution imagery should
be used to control the intensity. For example, the Spot satellite

r- produces a single band image with 1o pixels and a three band image with
20m pixels. Starting with the three bAnd image magnified to give 10m
pixels, (note that this mathematical process does not change the
inherent 'resolution') the three hands are transformed to the MS
representation. The intensity image is then replaced by the single band
high resolution image and the inverse transform is performed. Whereas
the original colour image had 20m resolution, this new image appears to
be a oolour image with 10m resolution. Other sets of images of
different resolutions may be combined in a similar way to give high
resolution colour pictures. The low resolution images must be processed
to have the same pixel size, orientation, eto before the conversion to
IHS representation.

All that is required for this command, is to specify the three
source stores holding the red. green, and blue bends, whether the whole
screen or a quadrant is to be used, and the result stores for the
intensity, hue and saturation images.
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lT HUE SAT T RO

StIMARY

ThIs comand performs the transformation, from intensi'ty, hue, and
saturation, to EG oo-ordinates.

Thi ommand is the inverse of the 'RGB TO INT HUE SAT' ommand and uses
the equations described above. All that is required, is to specify the
three input stores holding the intensity, hue, amd saturation images,
whether the whole screen or a quadrant is to be used, and the result
stores for the red, green and blue images. Care should be taken to
ensure that the results are within the 8-bit range of the stores, as
described above.

ST PAM

Using this ==rand, one image can be converted into a stereo pair of images, i
the d acements in the stereo images being controlled by a separate
'height' image.

COMAND WN rETA3L [

If the user were to hold a pencil in front of one eye pointed directly
at the eye, then with the other eye shut, the top of the pencil would
appear to lie directly over the bottom of the pencil. This would be the
plan view, or the non-stereo image. If the pencil were pointed at the
nose, then, to the left eye, the top of the pencil would appear to be
displaced to the right of the bottom and vice versa for the right eye.
The amount of the displacement is proportional to the 'height' of the
pencil. At the mid point of the pencil, the dipaeetwould only be
half that at the top. This principle can be applied to produce a stereo
pair of images from a single one. If there is information about the
height at all points within the image, then a 'high' pixel can be moved
to the right for the left eye and vice versa for the right eye. The
'higher' the pixel, the further the displacement. In a line of 512
pixels, there will be places where a number of pixels are apparently
squeezed together, and other places where they are pulled apart. This
line of 512 irregularly spaced pixels is resampled using nearest
neighbour interpolation to produce a line of 512 regularly spaced
pixels. In GEMSTONE, height is represented on a scale of 0 to 255. A
pixel at height 0 is moved in neither stereo image. A pixel at height 8
is moved one place to the right for the left eye but the image for the
right eye is unaltered. It is not until the height has reached 24 that
the image for the right eye is moved one place to the left. At 16 more
units of height, the image for the left eye is displaced one more step
to the right. This process repeats with pixels in alternate images
being displaced until the mA mum height is reached. There are 16 steps
in this displacement process, and therefore 16 height levels in the
stereo pair. The number of levels is a compromise between giving a good
visual height resolution and not distortizg the image too much.
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A d±gital terrain model (DM), is a set of point measurements of
height on a regular gid. This is exactly like a digital image. the
only dLifference being that the pixel value is a measure of the average
height of the area covered by the pixel. If the regular grid of points
in the DM corresponds exactly to the pixel spacing in the image, then
the DTX can be used to oontrol the generation of the stereo pair.

At the top right of Fig 39 is a computer generated DTM of a
mountain. It is in fact the image of the sino function described in
example 3 in the arithmetic chapter. The brightest parts of the image
represent the highest points of the mountain. It is a conical bill with
rings round it. Density slicing shows the oontours. 'TRNSECT GAPH'
in the contrast stretch chapter would illustrate the side view of the
hill, and the 3-D routines in the text and graphics chapter would show
more general views. This mountain, which is centred on the circular
feature in the aircraft scanner image, has been used to control the
generation of the stereo pair of images shown in the middle of Fig 39.
Many users will be able to see the stereo effect in the two B/W images
without the aid of a stereoscope, simply by holding the photograph at a
comfortable distance, looking at a hright feature in one of the two
images, and allowing the eyes to relax as though looking at an object at
infinity. The two images will fuse and after some effort to refocus,
the stereo effect should become apparent. A stereoscope could be used
for the same effect. In the case of the colour picture at the middle
right, one of the stereo pair of images is in red, and the other in
green. The distortion from one image to another is obvious. If thi
image is viewed through coloured spectacles, with a red filter over the
left eye and a green one over the right, a stereo effect should again be
seen. Stereoscopy is possible directly on the TV screen using the red
and green guns only, and the coloured spectacles, hut for the separate
images, photographic products would have to be made.

It is not necessary to use real height information to control the
geeration of the stereo pair. The thermal image taken by the aircraft
scanner for example, could be used to produce an image where the
apparent height is a measure of 'temperature'. This is shown in the
pair of pictures at the bottom left of Fig 39. It also shows that
stereo pictures can be made in colour. There are some fairly sharp
boundaries between light and dark areas in the thermal image. This
would correspond to very steep (unrealistic) slopes being obeerved in
the stereo pair, and in fact the example shown is difficult to interpret
in places. If the thermal image is smoothed quite severely, the steep
slopes are removed, and a much more interpretable pair of images
results. These are shown at the bottom right in red and green. Ti

illustration with a thermal image controllin height is simply an
example of using one, generally uncorrelated i.age to control the height
information. It is an example of another way of displaying uncorrelated
images in such a way that the human can still see them unoorrelated.

The inputs required for this command are the source image, whether
the whole screen or a quadrant is to be used, the control image and the
two stores for the results.
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5.12 Fourier Transforms

Within this chapter, the use can produce Fourier transforms (FT) of
images, perform a range of manipulations in the transform space, and then
perform the inverse Fourier transform. It is assumed that the user is faml ia
with the theory and so only a summary is provided below. This summay only
addresses those aspects directly applicable to GdSTCNZ, amd is far from
rigorous.

Considering first the continuous Fourier transform in one dimension, let
f(X) be a continuous function of a real variable, X. The Fourier transform of L
f(Z), demoted by F(U), is given by the equation,

F(U) f(X) . exp(-pUZ) Z

where p - 2.rmi, i being the square root of -1. The inverse Fourier transform is

f(X) - 1 F(U) . exp(pUX) . dU

Whether f(X) is a real or complex function, F(U) is generally complex, and can
be written in the form,

F(U) - R(U) + i.I(u)

In GEMSTONE, the Fourier transform produces a real image (ie R(U)) in one store, ]
and an imaginary image (ie I (U)) in another. An alternative way of representing
F(U) is in the form of magnitude and phase, where,

F(tT) - IF(U )I . exp(i (U)).

IF(J) I is the square root of ( R(U).R(U) + z(U).I(U) )

and O(U) is the phase angle whose tangent is I(U)/R(U).

U is often called the frequency variable. IF(U)I is known as the Fourier 2
spectrum of f(X) and in GEMSTGNE, the image of this function is extremely useful
for examining the spectral content of an image. In general, it is virtually
impossible for the human to interpret the phase image.

Digital images are not continuous functions, but discrete samplings of the
real world into pixels. Still considering one dimension, it is assumed that
there is a finite number of samples, N. and that the sampling is performed at
regular intervals with a spacing of x. Thus the sample points are at nx. where
n can have values of 0, 1. 2..... N-I. The Fourier transform of the N samples
is defined to be

F(U) - 1/N = f(nx) . exp(-punx)

n-O

The form of this is similar to the continuous case described above.
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However, F(U) is still a continuous function, providing problems for a ccmputez.
In the same way that f(X) is sampled, the transformed function can be sampled at
U - ku, for k - 0, 1, 2, ... N-i, with u - 1/(Nx). Substituting for u in the
equation above gives the discrete Fourier transform (DFT),

F~ku) - I/N f(Mx) . ezp(-pka/x) for k - 0, 1, ....

If k is replaced by k+N, the value of the right side of the equation remains the
same. Therefore F(ku) - FC(k+N)u), etc, and so the ='T is cyclic with period N.
The inverse transform is also cyclio implying that f(nx) is cyclic, ie it has
defined values in the range n-O to n-N-i, which axe repeated in the Intervals
n-N to 2N-1, n-2N to 3N-i, eta, and n-N to -I etc. This assumption of the
pericdicity of the input function has effects that will be explored later.

To compute the UT requires N operations (one complex multiplication and
addition) for each value of k. For the N values of k there are N.N operations,
and as N increases, the calculation becomes impractically large. The fast
Fourier transform (FFT) overcomes thi problem as follows. If N - 2.M, then

F(ku) - 1/2M ! f(nx) . exp(-Pk/2m)

- iiax 2 f(2nz) .exp(-p]=/M) + 1/2-X = f((2ns-)z) .exp(-pk/M) .exp(-pk/2Mx)
M-0O n-O

Substituting k+M for k, shows that F((k+M)u) is

- i/ax L___f(2nx) .ezp(-pkn/M) - ii22M f ((2n+i)x). exp(-pm/X). .exp(-rpk/ax)
n-0

It should be noticed that this last equation is the same as the previcus, apart
from one sign chan e. Thus, if F(0) is calculated, F(M) can be found by
subtracting the two summations, and similarly for F(1), F(2), etc. The
calculation effort has been approximately halved. It should also be noticed
that the form of each summation is the same as the UF1T above except that each
suzmation is over M ( - N/2 ) terms. If M is not a prime number, each summation
in this last equation can be further divided, thereby further decreasing the
effort. Most implementations of the FFT on computers require N to be a rcwer of
2, so that this process of subividing can be repeated until there is only cne
term in the summation, ie no su=aation at all. For zrSTNE, N - 256 or 512 in
each dimension. The calculation is reduced from a large number of complex
multiplications and additions to a few such operations plus a great deal of
re-organisation of the original data and partial results, so that the multitude
of terms are added and subtracted correctly to give F(ku) for all values of k.
This sequence of addcn and subtracting terms is called a 'butterfly'. It can
be shown that, whereas there are N.N operations in the DFT, there are N.log2(N)
onerations in the FFT, where iog2 is log to the base 2. For N - 256, N.N -
65.536 and N.log2(N) - 2048, so that the FF1' is 32 times faster. This does not
include the extra time required to re-organ ise the data In the FF. but
nevertheless there are still considerable savtngs. For an image of 512.512
elements, the difference in time should be greater than 1CO0.
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The = can be extended to 2 dimensions, (x, y) in real space, and (u, v)
in transformed space. so that

N-1 N-1

F(kulv) - 1 - :f(=,my) . ezp(-p(kn+lm)/N)
N.N n-0 m-0

amd the inverse transform is

f(nxzmy) - i = F(ku,lv) . eXp(p(+lm)/N)
k0 1-0

A square array bas been assumed in GEMSTONE. It should be noted that the
summations can be separated and two I-D 1transforms can be performed. Thus

F(ku,lv) - I/N F(=,iv) exp(-pkn/N)

N-1

where F(nx,lv) - 1/N 2_ f(nx,my) .ep(-plm/N)
m-0

In summary, GESTOE performs a 2-D Fourier transform on arrays of 256 or 512
pixels square, by separating the problem into two 1-D transforms as above, and
performing the two sequential FFTs as outlined earlier.

The following emamples demonstrate the operation of the Fourier transform

on some simple functions.

Example 1 : f(nz) - A, a constant.

N-1
F(ku) - 1/N = A ep(-pka/N)

n-O

- A/N jjjoos(2=.kn/N) - i.sJin(2r.n/N)' since exp(iZ) - cos(Z)+i.sin(Z)
n-0

0 for k F 0, because the sum of equispaced samples of a size or
cosine over a complete cycle is zero.

- N-1
A/N cos(O) + i.sin(0) - A for k-0.

n-0

Thus, if the input function is a constant, the FT has only one non-zero value at
F(Q), equal to the constant. More generally, it can be shown that F(0) is the
average value of the input function.
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Example 2 : f(nx) - A.cos(2 uN), f(nx)
as shown in the diagram.

\t /I

FQku) - ./N __A.cos(2.n/N) ezp(-p /N)
n-C

N-1

N7-1- A/H M{osC 2. n/N). Cos(23. m/N) - i.oos(=.n/N).sin(23T. m/N)

n-O

-A oos(21.zn(l+k)/)+cs(=.n(l-k)/N) - i.sin(21, n(l+k)/1)+islz( 2=.n(l-')/N))

"fo for k i1 or k L -1, by the same argument as above.
A/2 for k - 1 or k - -.

The magnitude, as defined eaxier, is A/2, with the IF(ku) 1
phase equal to zero. The diagram of the magnitude
is shown at the right. Note that F(O) is zero, -/2
confirming that the average value of f(nx) is zero.

A si mlar calculation for A.sin(2=. ./N) would -N 0 N-1
give the answer, F(-1) - i.A/2 and F(1) - -i.A/2,
F being zero for all other values of k. The amplitude
is still A/2 as for the cosine, but the phase is now =/2.

Example 3 : f(n=) - A.oos(2zr.2n/N), f(nx)
as shown in the diagram.

By the same process as used in example 2,
the reader can verify that
F(ku) - 0 for k 4 2 and k # -2
F(2u) - A/2 N-1
F(-2u) - A/2

The diagram of the DT of this function is IF(ku)l
shown at the right. It is the same as in
example 2 except that the spikes have moved -A/2
to k - 2 and -2.
This process could be repeated for functions .... k
with more cycles within the interval 0 to N-i -N 0 N-i
up to the maximum frequency of N/2. At this
ma-mum frequency, the function is positive
at one sampli=g point, negative at the next point, positive at the next, eto,
and all points have the same amplitude. If a function with just over N/2 cycles
were sampled at N points, it could not be differentiated from a function with
just less than N/2 cycles. This phenomenon is called aliAsing, and for GZiS
users it should not be a problem, provided the creators of the orign '--l Irage
data have performed the reasonable operation of lmiting the ban-dwidth of the
input function before sampling.
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The conclusions from these examples are that a constant function is
transformed to a spike at zero and a sinusoid is transformed into a pa.L' of
spikes whose distance from the origim is proportional to the frequency of the
sinusoid. For a complicated input function, the FT will produce an output of
many spikes at many frequencies with the amplitude of each spike being a measure
of how much of each frequency is in the input function. By manipulating the
transformed function, certain frequencies can be enhanced, reduced, or even
removed. Ths will be shown later.

Before considering examples of simple images in GES, it is necessary to
introduce one more property of the MlT. For a real function f(kx), the complex
conjugate of F(-ku) is equal to F(ku). This can be shown by taking the complex
conjugate of the = equation for a real input function, and substituting -k for
k. It follows that IF(-ku) I is equal to IF(ku) I which is apparent in the
diagrams of IF(ku)l above. With this and the previous property that the FT is
periodic with period N, the full transformed space for a single sinusoid is

tF(ku) I

-2N -N 0 N-i 2N-1

The region denoted by 'a' is all that is required to describe the whole space.
This property of using N/2 samples in the transformed space (for real input
functions only) rather than all N is used in GMSTCNE to save computing time.
This last diagram also provides a graphica. explanation of aliasing. In the
region 'a', there is one spike which moves to the right as the frequency
increases. Unfortunately, at the same time, the spike to the left of N-i moves
to the left. When the frequency exceeds, N/2, this latter spike enters the
region 'a' giving erroneous answers.

Extedcin these considerations 1 N
to two dimensions, consider an N by N 1
image (N - 256 or 512 In GEMS), "
containin the objects and .

A diagram of the image which would
appear on the MS screen is shown
here. N

The assumption of symmetry
means that this N by N image
is only one of an infinity -

of copies, and the input image
to the OFT is actually that
illustrated on the right.

3
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As has been shown, the output from
a = in 1-D is an infinite line
made from oopies of a line segment
which is Nx long. The extension to
2-D is illustrated here, where the
space has been divided into an
infinite number of N by N boxes.

The MT of a sinusoid, is
essentially a spike.
The 2-D version of this is
a spot in the Pla as shown
here and illustrated later in
example 6. The intensity of the
spot is proportional to the
amplitude of the spike.

Because of the periodicity of
the MFT, ie for 2-D,
F(ku,lv) - F((k+N)u,(l+N)v)
.there are an infinite number
of spots in the transform plane
as shown here.

Of course, MiS cannot display Origin "ncreasizg
an infinite plane. A single Zero frequency frequency
N by N box contains all1 the
information for all possible
inputs including complex ones
such as synthetic aperture Increasing'
radar images. frequency

For the case of a real image,
which is the type that most
users are likely to handle,
the extra condition that
the complex conjugate of
F(-ku.-Iv) is equal to
F(ku,lv), duplicates all the
points in the transform plane
as shown here.

There are now two redundant spots Origin - _ _.

within the N by N square. Thus only
half the square need be calculated
and dIsplayed. In MSTI=E the
top half has been chosen.
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Many presentations of the magnitude of a
DFT have the zero frequency in the iiddle.
This can be achieved by shifting the I
N by N box as shown by the dotted line
in thls diagram. Starting from the
previous display of half a square,
GEMSTCNE can recreate the missing
half, and re-order the information
to produce this display.

* I *

Example 4 : An image of a sine wave is shown in Fig 40(a). It was
generated with the Arithmtio package, using the equation,

Intensity - 127 . C sin(=.(zpos-1)/8) + 1)
There are exctly 16 cycles in the 256 pixel wide image. The DFT (Fig 40(b)),
has a bright spot (enlarged for clarity) at the origin indlcating a non-zero
average for the input image, and one other bright spot (also emlaxged) down the
ku axis, indicating a single frequency in the input image in the nx direction.
This iz analogous to the 1-D versions given earlier, in examples 2 and 3. It
may be considered that the EFT axes are the wrong way round, but they are quite
arbitrary, and with this arrangement, the process runs at maximum speed.

Example 5 : This is like example 4 but the sine wave is in the other
direction, as shown in Fig 40(o). The equation used was,

Intensity - 127 . ( sin(n.(ypos-1)/32) + 1)
The DET of this image (Fig 40(d)) also has a spot at the origin and this tize a
spot on the lv axis, because the wave was in the my direction. It is closer to
the origin than was the case in example 4, as the frequency is lower.

Example 6 : A combination of examples 4 and 5 with the equation,
Intensity - 127 . ( sin(=.([xpos-1]/8 + [ypos-1]/32) + 1)

results in an image of a sine wave at an angle to the axes (Fig 40(e)). The DFT
(Fig 40(f)) shows one spot at the origin and another in the plane and not on an
axls. Considerimg a spot in the transform plane as correspondin to a sine wave
in a particular direction in the original image is very important in filtering
operations. To further help the user, there is a command in G iSTNE ('DISPLAY
IAVELEN=') which, when given a point in the transform plane, will draw two
lines as adjacent crescents of a sine wave at the correct orientation.

Example 7 : All the examples of sine waves so far have had periods which
are sub-multiples of 256. Therefore, the displayed image fits smoothly with the
next copy of the image in the infinite space that has been assumed. When the
period is not a sub-multiple of 256, there is a discontinuity or sha-p edge.
Edges produce a wide range of frequencies, and this effect is shown using the
image in Fig 40(g) where the sine wave from example 5 has had '32' charned to
'31'. In the transform image in Fig 40(h), many spots are visible, (again, the
top line has been copied to the next two for clarity) correspondin to the many
frequencies generated by these edges. It is not that these are errors, (the
inverse transform will reproduce the input image correctly), but the user should
be aware of them when filtering. If, for examzple, the high frequencies are
removed by a smoothing filter then, on performing the inverse transformation,
not only will the sharp edges within the body of the image be removed, but there
will be odd effects at the boundaries of the image. These effects are
inevitable, but will be limited to the region close to the bcua--y, and the
user should ensure that his area of interest does not approach this boud.a--.
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Having outlined the theory, and the display of the magnitude of thetransforms, some uses of the FT are now demonstrated with the aid of the
following examples.

Fig 41(a) is part of the Welsh scene introduced on page 146. Suppcse it
is required to apply a smoothing filter to it. The first operation is to
perform the 'FORWARD TRANSFORM' which produces a real and an imaginary image as
described at the start of Uhl chapter. With the oommand -IMAMUTU PHASE',
these two images can be converted into a magnitude image which can be stored in
one of the display stores, (and a phase image, if required). The magnitude
image in Fig 41(b) has the origin (zero frequency in both directions) at the top
left. Immediately below this in Fig 41(d) is the re-odered magnitude Image
with the origin at the centre. This was created using 'ADJUST 'RANSF l.'.
Features such as dense clusters in the magnitude image can be identified with
objects in the original image. For example, the cluster forming the line A-A
consists of many frequencies in one direction. Many frequencies suggests a
sharp edge, and a cluster of reasonable intensity suggests quite a major feature
in the original image. With the command 'DISPLAY WAVLZGH' the cursor can be
put over any part of the cluster, to determine the direction of a major edge.
In this case, it was found that the bridge at 'A' in the original image (Fig
41(o)) was in the direction indlcated by the cluster A-A. Siilarly, the
cluster in the line B-B was associated with the road at 'B', and the cluster C-C
with the field boundaries and road at the places labelled 'C'. The cluster
lines D-D and E-E are associated with defects in the image. At the bottom right
corner of the original, there are some dark vertical lines which are artefacts
of the imaging system. These correspond to the lines E-E. D-D is associated
with a horizontal line structure generated by the imaging system and this is
virtually invisible to the eye. In images where there is a false struct-e,
which is disturbing for the human, or for a classification process, etc, this
structure can be removed with little damage to the rest of the Image. Mhemethod is illustrated later.

The basic idea behind filtering, using Fourier transforms, is that having
transformed the image into the frequency domain, parts of these frequency images
ca be brightened (ie multiplied, or stretched, etc) so that on performing the
inverse transform, these frequencies will be enhanced. The picture in Fig 41(f)
has two sectors of a circle, at level 200, fadin gently into a background at
level 50. Multiplying the real and. imaginary transformed images by this
picture, using 'MULTIPLY ANSFRMS' will mean that the low frequencies are
multiplied by 200 and the high ones by only 50. The high frequencies are
therefore reduced by a factor of 4 relative to the low ones. This picture of a
filter, was produced using 'DESIM FLT"r='. and. the position of the sectors of
the circle was set with the aid of the magnitude image (Fig 41(b)). When the
mcdi-ied real and Imaginary images were transformed back, using 'BACWI .RlD
TRAISF2_M' (dividing by 2CC in the process), the low frequencies remained
unch.anged. This can be seen in Fig 41(e). However, the high frequencies,
multiplied by only 50 in the transformed space, and divided by 2C0 during the
inverse trznsfornmation, have been reduced by a factor of 4. Thus the sha--p
edges have been partially smoothed. Note that '200' was chosen si-ply so that
the filter izage could be seen. Any number could have been chosen provided that
the same number was used during the inverse transform. Since floating{ po-Jt
forrat rather than fimed integer format is used for all these calculaticns.
there are no overflcw problems.
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A similar operation was performed for an edge enhancement filter shown in
Fig 42(b), where the background is at level 200 and close to the origin is at
level 50. The number 50 was used again in the inverse transform which resulted
in an image which kept the low frequencies constant, but enhanced the high ones,
thereby sharpening the edges as can be seen in the image in Fig 42(a).

Both of these simple examples could have been performed usn the cmuands
wLthin 'Linear Filters'. Where this method excels over convolutional filtering,
is in the ease with which highly specific filters can be constructed. Suppose
it is required to remove the road labelled 'B' im Fig 41(o). Since a very
specific cluster, B-B in the transform space (Fig 41(d)), is associated with the
road, a filter for this can be created, as shown in Fig 42(d), where the dark
part is at level 0. On multiplying the real and imagimary images by this
filter, the frequencies associated with the road are completely removed. The
inverse transform results in the image in Fig 42(c), where little trace of the
road remalis. Notice that the bridge, which also has sharp edges in almost the
same direction remains with just a little reduction in contrast. A practical
convolution filter is unlikely to be so selective. This technique can also be
used to remove systematic noise from an image. If there is a line structure in
the image, such as 'banding' from a linescan detector system, it can be
identified in the transformed images, and removed almost completely with little
damage to the rest of the scene. It must be noted that if part of the image has
a structure very close to that which is to be removed, it will be removed as
well. However, as illustrated here with the road and the bridge, very little
information need be lost, if the filter is designed carefully.

It has just been shown how selective a 'smoothing' filter can be made.
Equally, edge enhancement filters can be constructed, and for example, if the
dark part in Fig 42(d) were lighter than the background it would emhance edges
over a very small angle. Thus the road could be enhanced without affecting the
bridge. It should be noted however, that in the same way that the road was so
effectively removed, for edge enhancement, 'non-exstent' edges can be created.
If a highly selective edge enhancement filter were applied to a random image the
human eye would probably see edges in it. The more highly tuned the filter, the
greater the chance of the eye being deceived into 'seeing' non-ezstent edges.
This is particularly important in such applications as the use of remote sensing
images for exmining geological structure. When such filters are used, they
should also be applied to random images to give the user an impression of the
.keli.hood of false edges.
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The last application outlined in this chapter is 'inverse filteri "'. A
severe Smoothing filter consisting cf 32 weights, of value one, in a horizcntal
line, was applied to the image of Fig 41(a) using the '&MTH' command in the
'Maths Operations' chapter. The results are displayed in Fig 42(e). This
process simulates horizontal motion blurring. Let the original image be f. with
Fourier transform F, the filter (or disturbing function) be h (with FT, H) and
the final image be 9 (with FT, G). Then,

g - f * h, ( f convolved with h.

and using a further property of Fourier transforms,

G - F . ( F mu.tiplied by H ).

If we wish to recover the original image, f, it could be found from the inverse
transform of F, which is simply, G/R. All that is required is to determine H.

If an image, r (with FT, R) of a single point is smoothed with the sane
line filter, to produce an image s (with FT, S), then,

S - R . H

Since S and R are known, H can be found and substituted in the equation for F,

ie F - G/H
- (G.R)/S (see page 175 for the actual equation).

There are, however, problems, since if the function S is ever zero, the equation
breaks down. In this example, the disturbing function, h, is a rectangular
window, the FT of which is a sino function. Unless the window is only one pixel
wide, this sino function wil have zero values in the transformed plane, with' -
the box defined by u,v in the range -N12 to +N12. With 32 elements in the
smoothing filter, H obviously has many zeroes and so will S. S can also become
zero if there is noise in the system, and so for both these reasons, the
equation for F is modified to,

F - (G.R)/(S+a)

where a is a small constant fixed by trial and error. The image in Fig 42(e)
was transformed to give G, the transform of an image of a spot gave R, and the
transform of the smoothed spot gave S. The constant 'a' was given a value of 10
to the power -9, and the equation was evaluated using the comman-ds TT-
TRANSFOR.MS" and 'DIVE TRANaCRMS'. Reasonable reconstrucztion is evident In
the output image in Fig 42(f), which shows the ccmprmise between recovering the
fine detail (by having a very small value of 'a'), and suppressing artefac-s
such as the ghosts of the very strong features. As the value of 'a' is
increased, the image locks more like Fig 42(e), and the artefacts are reduced.

Generally, the disturbing function, h, is not known. If there is inear
motion blurring, then a reasonable guess can be made of the blurring fu=cticn.
and the process above undertaken to try to recover the image. It is however a
trial and error operation, but by using as much other information as possible
(eg the speed of the vehicle and the shutter speed of the camera, etc) and some
inspiration, reasonable reconstructions are possible. Other disturbing
functions which are aienable to this treatment are, blurring due to incorrect
focus, and blrrinzg due to the i=aging system itself.
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It is assumed in these reconstruction processes that the image is linear,
ie the number representing the intensity is proportional to the incident light
on the imaging system. For a photographic film, the 'ga=ma' of the film may not
be unity, in which case the density on the film is not proportional to the
intensity of the light which falls on it. Equally, the response of the
digitiser may not be lInea. All of the steps in the chain from the original
scene to the digital image should be examined for non-linearities, and these
should be removed using the commands in the 'Arithmtic' chapter. It may be
possible to record the image of a grey step wedge using the same imaging system,
in which case the non-linearities introduced by all parts of the system can be
measured at once. Rather than using the Arithmetic package to remove the
non-linearities, a LT can be set up with the 'LINEAR STR=EI' command in 'Text
amd Graphics', with one entry in the LUT for each step in the step wedge. Thus
each step in the recorded wedge would be replaced with the value in the original
scene.

One final point to note is that in the reconstruction process, artefacts
can propagate from the edges, ie the places of sharp discontinuities. Some
effort spent in removing thsc= edges is well worthwhile. In the example in Fig
42, the 256 square image was reflected about the right hand edge making a 512
pizel, 256 line image. The image was then moved 128 pixels to the right, with
the rightmost 128 pixels copied to the left side. Therefore, the original image
was moved to the middle of the screen, with continuous edges to the right and
left. When the reconstruction was performed, the artefacts were not only
decreased, but since they reduce with increasing distance from the edges of the
image, and the extreme left and right 128 pixel sections were redundant, most of
the artefacts were removed from the final 256 square image.

Completing this section on convolution, it has been stated that if

f - g'h then F - G.R

and it can also be shown that if

f - g.h then F - GH

There is a similar pair of relationships for correlation, where, if 'o'

represents correlation, and H' means the complex conjugate, then if

f - goh, F - G H'

and if

f - g. h then F - GoH

The commar R 'ccATE T 'ASCRmS' multiplies one transform by the complex
conjugate of the other, thereby givimg the correlation of two images when
transformed backwards.
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FORWARD TRAN SFM

SUMMARY

Operation of this command produces the discrete Fourier transform usizg the
FFT method outlined earlier in this chapter.

CCMAMA I DETAIL

The first secondary command concerns the type of transform. In most

cases a real input image will he transformed into a complex one. For
images such as those from a synthetic aperture radar which are in the
omp1e form with the real part in one store, and the imaginary part in
another, the complex image can he transformed into another complex
image. The transform, complex to real, is unlikely to he used at this
stage.

For the next secondary command, most real images will be in
integer format, specified by 'Integer', although it is possible to have
real images in floating point format, specified by 'Floating'. Complex
images are more likely to be in floating point format. When the input
format has been given, the next command specifies the output format.
This could simply he integer, by choosing 'Linea', but the wide range
in the data in the transformed image makes this generally unsuitable.
It is normally better to store the output in 'Linear Floating' point
format. If an image of the magnitude only is required, it can be
produced directly using the 'Magnitude' option, but will result in an
integer image having the same problem with the wide range of the data.
If the logarithm of the magnitude is produced, by selecting 'Lcg
Magnitude', it will have a much compressed range, which can be held in
one of the display stores. The low level frequencies can be seen in the
same image as a high level one. The precise algorithm used in this
logarithmio compression is described under the ooacnd. 'MA--Tj F-ASE'
(p176).

All that remains is to specify which store(s) contain the input
image(s), and where the results are to be placed. For a real input
image, there is only one store, and for a complex one there are two. A
whole screen can be selected, or any of the four quadrants. It is worth
remembering that a Fourier transform takes some time to calculate, and
it may be advisable to use quadrants at least initially. There is a
factor of about 6 in time between processing a quadrant and a full
screen., It should be remembered that if a complex image is produced in-
floating point format, (as is generally the case), then the output u
e held in the working stores. When working with quadrants, it will be

found convenient to store the real output in a quadrant of one workimg
store, and the imagina-y output in the same quadrant in the next store.
Other commands which use the output of this command, suggest that this
is the arrangement for their input.

Most users who simply have an integer image in one of the te7
stores, will find that if they follow all the defaults, the correct
result will be produced provided it is put into the workim (ie
non-display) stores.
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BAWARD TPANSF

SUMIARY

This Comnd is the inverse of the previous comand.

The same set of secondary =cands are used here as in 'I"WARD
TANSKCXl'. Biefly, these specify the type of transform, (generally
'Complex to Real', occasionally 'Complex to Complex' but never 'Real to
Complex'), the format of the input image (generally 'Floating'), the
format of the output Image (generally 'Linear'), the source store(s) and
the result store(s). The only additional secondary command is the
option to divide the output intensity by a number, called 'Outrut
ScaLling'. In the exmples on filtering described earlier, the
transformed images were multiplied, one by 200 amd the other by 50. If
these images were transformed hack directly, the intensities would be
greater than 255. This ccamd can be used to remove such multiplyizg
factors.

if, as an ezercise, an integ er image were transformed forwards by
the previous command, it could be transformed backwards using this
ommand with the value '1' as the output scaling, to reproduce the
original. Only the default options would be used.

ADJUST TRAN&SRM

SUMARY

For a real input image, the standard form of the output from the cc~mmnd
'MAITEME PEASE', covers only half of the plane, with the origin at the top
left. If the full plane with the origin at the centre is required, this
command can he used to re-arrange the image.

COMLM = EETAIL

There are six secordaxy commands allowing a variety of possible
re-arrangements, not only for images created in this 'Fourier Transform'
chapter, but also for images in general. The function of the first
option 'Half Rotate Z' is best illustrated using the following example
on one line of an image.

Original Line A B C D E F G H
HA1fRctated line: E F G H A B C D

This command performs the rotation for half a revolution. Two
applications of this operation would reproduce the original image. For
the function 'Half Rotate X and Y', the rotation is performed in both
the X and Y directions. This results in the top left corner of the
original image being placed in the oentre of the output image, which is
exactly what is required to put the origin in the middle of the plane
for magnitude and phase images which cover the whole plane, (ie created
from complex input images). For a real input image, MiS'-E does not
calculate the bottom half of the complex transformed image.
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The command 'Reflect Top' will reproduce the bottom half of the
magnitude image correctly, and 'Invert Reflect' does the same reflecticn
but also inverts the image intensity (ie subtracts it frm 255) as
required for the phase image, remembering that F(u,v) is equal to the
complex conjugate of F(-u,-v). It should be noted that the reflection
is not about the horizontal ais , but about the centre poi.nt. Thus the
top left of the image is copied to the bottom right.

'Reflect Top Half Rotate' combines the operations of reflecting
the top and rotating in both the X and Y axes. It will take the half
plane of magnitude data, reproduce the bottom, and move the origin to
the centre, as was illustrated in the conversion of Fig 41(b) into Fig
41(d). 'Invert Ref Ialf Rotate' does the same operation but inverts the
intensity upon reflection, as required for the phase image.

All that is required for operation of this command is to chose one
of the six manipulations, specify the input store and quadrant, and the
output store and quadrant.

DISPLAY WAVELE=

SUMMARY

This command provides visual assistance in the interpretation of the
magnitude image.

CCIOLAD IN LETAIL

Once the store and quadrant (or whole screen) containing the magnitude
image have been specified, the cursor appears on the screen together
with a pair of parallel lines. If the cursor is moved over a spot in
the magnitude image, the parallel 14_nes will ind'cate the direction of
the sine wave in the original image, corresponding to the spot in the
magnitude image. The parallel lines indicate adjaoent crests for this
sine wave and hence give the wavelength. Where the user wishes to
identify a distracting lne structure, such as banding in the image this
cand can be used to locate the frequencies associated with the

structure, so that a filter can be designed specifically to remove it.
Similarly, faint lines can be identified so that a specific edge
enhancem-nt filter can be designed.

ULTI PLY TRANSFaOMS

SUMMARY

This ccmmand enables real and complex images to be multiplied together.

EMAD fI DEIN TAIL

Basically, one complex image can be multiplied by another. If the
imaginary part of either image does not exist, then simply pressing the
'QuIT' button informs GES= that it is missing. I= this way a real
image can be multiplied by a real, a real by a complex, or a complex by
a complex.
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Up to four input stores are required for the real and imagina--1
parts of the first and second images. For each store, the store number
must be given, the quadrant (or whole screen) and whether the contents
of the store are in 'Integer' or 'Floating' point format. After the
first store is chosen there is one extra option to specify 'Top Half' or
'All Image'. The former is used for the transformed versions of real
input images where only half the output plane is calculated, and the
latter for the transformed versions of complex images, or for general
complex multiplications of images. Two output stores are required to
hold the results, and as before, the store numbers, the quadrants, and
the formats must be specified.

0REATE ANSFCRMS

SUMMARY

This command is exctly the same as 'MULTIPLY TRANSFCRMS' except that one
complex image is multiplied by the complex conjugate of the other. The main_
use of this operation is to permit the correlation of two images, as
outlined in the introductory text.

DIV= TRANS'0RMS

SUMMARY

Using this command, a real image can be divided by another real image, a
real by a complex, a complex by .a real, or a complex by a complex.

CCHMAND IN rETAIL

If A and B are two complex images, and B' is the the complex conjugate
of B, then the division equation is,

a
AdividedbyB - (A. B') /(B . B' + 10)

The term B B' appears because it is not possible to divide by a
complex number directly, and the constant term at the end, ensures that
the denominator is never equal to zero. The user is invited to specify
the term 'a'. and the number '-3' is suggested, (ie the constant is
0.001). It is most unlikEly that this exponent would be positive, since
generally it would dominate in the denominator. Having the constant as
a power of 10 permits a wide range of numbers to be given easily. If
more resolution than a power of 10 is required, fractional powers can be
given as shown in the following table, where the top 1 is the power
of 10 and the bottom Ine is the actual number:

Power (a) : -3.0 -2.7 -2.5 -2.4 -2.3 -2.2 -2.1 -2.0
Number .001 .002 .003 .004 .005 .006 .CO8 .01

The exact numbers and powers can be found using a calculator.

The inputs required for this cc=r.d are as for 'TIPL?
TRANSI-LMS' namely up to four input stores and two output stores, ut
with the addition of stecifyiN the epcnent 'a'.
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MAGTUEE PHASE

SUMMARY

The command 'FM.WARD ANSFMP', produces a complex image, and it is then
often necessary to e-Ie the magnitude image. This ccmmand produces the
magnitude and phase Images from a complex one.

COHMAND =N nETAIL

The store containin the real part of the complex transformed image is
first given, togethe with the quadrant (or whole screen). AS was
stated earlier, if a real input image is transformed, only half of the
output plane is calculated, whereas for a complex input image, the whole
output plane must be determined. The net secondary command specifies
whether 'Top Half' is to be used, for real input images, or 'All Image'
for complex input images. Whether the contents of the store contalning
the real part, are in 'nteger' or 'Floating' point format is given
next. Similarly, the store contaLiIn the imaginary part of the
transformed image, is specified together with the format. There are two
output images, one for the magnitude information, and one for the phase,
and these should be put into the display stores. If the phase image is
not required, (as is generally the case), it can be omitted by pressizg
the 'QIT' button when asked for the store for the phase image.

Before considering the next secondary command, the range of the
magnitude data needs to be examined. For an 8 bit integer input image,
the me =-an lua of the EFT occurs at F(O,0), when every pixel in the
input image is at level 255. This can be verified by substituting the
constant 255 for 'f' in the equation for the DFr. The minimum value
(other than zero) is when there is only one occurence of a single
discrete frequency. From the equation of the Fr, it can be seen that
thi value is 1/N.N, where N is 256 for a quadrant image or 512 for a
full image, and so the minimum value of the TF is 1/512.512 ie
1/262,144. Since the mamimum is 255, the total possible dynamic range
is 66,846,720 : 1, far too much for an integer store, be it 8 or 16
bits. The range is greater for a 16 bit integer input, since the
mamimum positive number is 32,767, and finally for a floating point
input the range is even greater. Although, by choosing 'Magnitude' a
l1near output of the magnitude can be produced, it is not generally
advisable 1-ecause of this range problem.

The other possible form of output is 'Log Magnitude', and the
equation used for this is,

2 36 0.5
Log mag - scale . In(( mag) .2 + 1 )

where mag stands for magnitude, and In is the natural lcgarxt1=. The
minimum value for the magnitude for an 8 bit integer image is 1/512.512,
which exactly cancels the term 2 to the power 36, giving

Log mag - scale . ln(1.414) - 4 (rounded) if scale - 12.
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Equally, substituting the Mmum value (255) gives Leg mag - 216, usdng
the same default scale factor of 12. This algorithm therefore copes
well with the range, and even for the case of a 16 bit Integer incut
image, the scale factor has only to be reduced to II to give a inaxmum
Log mag of 252. Finally, the term '+1' in the equation ensures that if
nothing of one frequency exists, the value of Log mag is zero. The
option "Log Magnitude' will therefore normally be chosen, in which case
the scale factor needs to be fixed. The default value of 12 is
generally suitable. It is possible to use the contrast stretch
facilities in the 'Contrast Stretch, Histograms, Intensities' chapter to
exmle this magnitude image in more detail.

The phase information is stored such that a pizel with a phase
angle of zero will have an intensity of zero. The intensity increases
linearly with phase angle, until almost 360 degrees (actually
360.255/256) when the intensity is 255. Ore other use of thi command
is to produce a special image for the 'S FC PHASE' command below,
for which, both the magnitude and phase must be held in the same store,
when both are to be displayed. If the same store is specified for the
output of the 'MA ZTUDE PHASE' command, the magnitude information will
be stored in the top four bits and the phase in the bottom four.

SR FCR PHASE

SUMMARY

This command is intended to aid the interpretation of either the pa.se image
on its own or the magnitude and phase images together.

CCNYA f lN BETAIL

The only secondary command is to choose a stretch for 'Phase Only',
'Phase and Mag' or 'No Stretch'. For the first choice, it is assumel
that the phase is in one store and that the magnitude, which is in
another, is not included in the operation. A stretch is set up in the
LUTs so that if the phase angle is zero, the displayed colour is
magenta. As the phase angle increases, there is a smooth change in
colour through blue, cyan, green, yellow, red, aad back to magenta v-en
the phase is 360 degrees (ie level 255). It may be convenient to set up
a grey wedge at the side, using '=EY SCALE' in 'Text and Graphics' so
that the range of colours caa be seen and the phase angles can be
identified.

For the second option of 'Phase and sag', the images of phase axd
magnitude must be in the same store, as described in the command
'moaT PHASE' above. The colours are in the same sequence as above,
but the intensity of the colour is governed by the magnitude image. Mhe
last option 'No Stretch' simply resets the LOTs to the unity transfer
function, ie the stretches are removed.
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DES=~ F=.TM

SUARY

This command produces a range of filters for use with transformed Images.

CCHMAND f rE

The simplest output from this operation is an image where most pixels
are at one level, a region defined by a square or an ellipse is set to
another, and there is a smooth transition between them. Examples of
this are shown in Fig 41(f), Fig 42(b) and Fig 42(d). A ocsine squared
function is used to make the transition in intensity from one region to
another across several pixels.

After choosing the store for the filter image, including whether
it covers the whole screen or a quadrant, and whether only the top half
is to be produced (for real input images), a range of secondary commands
are presented. The use of these commands is perhaps best explained with
an example. Consider the filter image in Fig 42(b), in which most of
the image is at level 200. This was set using the secondary ocrnard
'Background Value', which simply takes the intensity level set by the
user with the rolling hall, and writes this value over the whole filter
image. 'Ellipse' was ret selected so that a circle centred at the top
left corner, (zero frequency point) was produced. Following the request;
'Give Centre Value' which anpeared on the screen, the roling ball was
used, to select the number 50 for the intensity of the pixels at the
centre of the circle. Xemt, the 'Edge Value' was set to 200 with the
rolIng hall. This value is normally at the same level as the
background, so that there are no sharp transitions in intensity in the
filter image, which oould lead to spurious high frequency components
appearing in the fInal image at the end of the filtering process.
Finally, a % radius for the centre value was given, and the default of
50 was used. This meant that when the circle of radius 80 pixels was
later drawn, there was a central circle of radius 50% of 80 (ie 40
pixels) with all the pixels at level 50, surrounded by a circle of
radius 80 pixels, with the peripheral pixels at level 20O. In the
region between the two circles, the intensity increased in a 'ccsle
squared' fashion from level 50 at the inside oircle to level 2C0 at the
outside.

Returning to the secondary ccrznands, if 'E1ise' is chosen, a
ci--cle avrears on the screen and the rolng ball is used to move it Ln
the x and y directics. After press!2m the '=G ' -button, the ba2.
changes the size of the circle izdeiendetly in the two di-rections. 1=
this way, an ellipse can be produced. The text on the VDU, which was
'Shift' to denote that the rolling ball could shift the circle, changes
to 'Scale' for this operation. The next press of 'CLG' changes t
text to 'Rotate', and the rolling hall can rotate the ellipse on the
screen. A further pressing of '=G' causes the control to rever to
shiftizg the ellinse, etc. A circle or an ellipse ca theref.re be
drawn at any position and orientation on the screen, and it wlLl be
noticed, that as the ellipse moves over the left edge, -t re-a=.rs at
the rIg-t edge. For the example, the circle was reduced to a scct,
moved to the tor left corner (to centre it on the zero frec'2ency), azd
subsequently =red. The image of te magitUde was disoL.,ed under
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the circle, so that the circle could be seen in relaticn to the
frequencies in the image. The line of the circle represents the outside
edge of the filter. In other words, the intensity falls off in the
cosine squared fashion inside the line of the circle.

The command 'Box', is the same as ellipse except that a box rather
than an ellipse is drawn. There is no option to rotate the box. The
oo-,ans 'Box Reflected' and 'Ellipse Reflected' are the same as 'Box'
and 'Ellipse' respectively, except that a second box or ellise which is
simply a reflection about a vertical ais in the centre, is produced at
the same time. Where such a symmetry is required in the filter image,
these commands save time.

The last command is 'Mean Value', which sets the value of the ton
left pixel. As was noted in the introductory text, for a forward
transform, this particular pixel represents F(0,0), or the mean value of
the input image. The filter image is normally multiplied by some
transformed image, and the inverse transform produced. Therefore, this
top left pixel controls the mean value of the final image after the
backward transform. If a particular filter image were zero everwhere
except for one point, to extract only one frequency, the resulting
inverse transform of the filtered image, would have positive and
negative intensities. Setting the 'Mean Value' to 100 for example,
would remove this problem. When the filter image has been defined,
'End' can be selected to write the detail of the filter into the
background., as shown in Figs 41(f), 42(b), and 42(d).

The example in Fig 42(b) is a very simple one. The filter shown
in Fig 42(d) is rather more tuned to the specific filtering required.
It was drawn with the magnitude image, Fig 41(b) underneath. A filter
to enhance a smal range of frequencies in any direction (ie an
cid irectional bandpass) could be produced by drawing one circle inside
another. More complicated filters can easily be produced with multiple
applications of boxes and ellipses to a basic filter image where the
background and the top left pixel have been set. One last examle of
the use of this command, not actually for filterig directly, is in
'grading' the edges of an input image to reduce the edge effects. if a
box, 256 pixels square, were produced, with the central intens±t-
extending to 90% of the width, a filter image with a bright centre
fading gently to zero at the boundary would be produced. Multiplying
the input image in Fig 41(a) by this, would result in the same image
with edges fadin to zero. Thus the image would be continuous over the
boundary, thereby reducing the edge effect. Scme of the image would
however be lost.

Other cc:nands within S'Ir1E can be used to produce filters.
The facilities in 'Text and Graphics' can be used to create the basic
shapes of filters. Density slicing the magnitude image of the
transfor-ed scene, will provide the basis of more accurate shaplng of
finely tuned filters. Following production of the basic filter, it
should be smoothed before use, to avoid the generation of spuricus hig_
frequency effects.
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SUMM1ARY

This ccand provides a utility magnifying operation for use in resamp ling
images.

COMMAND IN M=

There are three options for the magnification method. 'Space Pixel'
results in the individual pixels of a small image being separated and
zeroes being inserted in the gaps. 'Repl. Image' causes the small
image to be replicated over the whole deflned area, and 'Repl. Pixel'
provides a nearest neightbour resampling to expand a small image to cover
the defined area.

Having selected the magnification method, the input store and the
area to be magnified are selected. The magnification is then fixed to
cover either the whole screen or a quadrazt. Finally, the output store
is chosen and the operation performed.

Two possible uses of this utility are described belcw. By
replicating a small image, a proper =r of it can be produced. It has
been assumed that the input image is cyclic with a period of 256 or 512
pixels. A small image in a 'sea of black' does not have the same cyclic
property. Replication corrects this, provided that the dimensions of
the small image are sub-multiples of 256 and therefore do not add to the
discontinuities at the edges. Secondly, suppose an image were magnified
by ' Space Pixel' and transformed. If this transformed image were
multiplied by a sharp edged box, (the transform of the sino function),
and the inverse transform performed, the result would be an image of the
same size as the original, but with the black spaces filled with pixels
from a sino resampling. Other sampling functions can be transformed to
produce similar output images with different resampling functions.
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5.13 Information

Thi chapter provides a wide range of information to the user, in the form
of text presented on the TV screen. 'Help, information of various c=mrands.
details of other GZHS installations, bac1qround processing functions, user
experience in particular disciplines, and examples of image prccessing
operations can all be provided in this Package.

The way in which the System works is that the system administrator caz
create standard ASCII text files contailnin the information. By means of the
simple menu system within this chapter, the user can access the files that have
been created. GEiSTON simply provides the framework for the user to access the
information and does not contain any information itself. it is for the system
administrator to add the information. Eqaally, it is for the users themsolves
to provide the system administrator with the material to he inserted, or to
request that particular information be added.

The operation of the system is self evident in the interactive menu, and
the user simply chooses the topic on which information is required. If no
choice is made, the system slowly displays all the information in the files, in
sequence.
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Index of Primary Ccmmands

Primary Command GMMSTCNE chapter Page

3-D FIZED' Text and Graphics 124
3-D GENERAL Text and Graphics 124

AD Aritluetio 127
AM WEDGE Copy an Image 21
ADJUST TTRASF0PR Fourier Transforms 173
AREA F ILL Text and Graphics 117

AUTO EqUALISE Contrast Stretch, Histograms, Intensities 28
AUTO GAUSSIAN Contrast Stretch, Histograms, Intensities 29
AUTO LINEAR Contrast Stretch, Histograms, Intensities 28
AUTO 2 LLNMAR Contrast Stretch, Histograms, Intensities 28

BACKWARD TRANSC Fourier Transforms 173
HEACZ IMAGE Density Slice, Measure Areas 42

CBSE BANDS Classifiers, Copy Bit Plane 105
CHOOSE CLASS E Classifiers, Copy Bit Plane 103
CHOOSE 0LOUR Density Slice, Measure Areas 43
CHOSE Tm AREA Classifiers, Copy Bit Plane 105

CLASSIFY Classifiers, Copy Bit Plane 105
CLEAR PLANE Text and Graphics 1l
CCLOU PALETTE Text and Graphics 121
COLOUR. RTATE Text and Graphics 123

COPY Spelal. 142
COPY AREA Text and Graphics 114
COPY BIT PLANE Classifiers, Copy Bit Plane 104
COPY IMAGE TO SICRE Copy an Image 19
COPY STORE TO STCR.E Copy an Image 21
CORRELATE .ANSFCRMS Fourier Transforms 175

=-NE EZIRACT Copy an Image 20
DFLNE FILTER Linear Filters 92
DI'FlE PRC CPM Arith tio 128

=EFDNE M AREA Classifiers, Copy Bit Plaun 103

DESIM FILTER Fourier Transforms 178
DESRIPI-E Maths Operations 54
DISPLAY BIT PLANE Classifiers, Copy Bit Plane 106
DISPLAY MAX LIE Classifiers, Copy Bit Plane 107
DISPLAY WAVEGTI Fourier Transforms 174

DIV Arithumetic 128
D =IVE TRANSX MS Fourier Transforms 175
CRAW GRID Special 143
CRAW LD=ES Text and Graphics 116
ZRAW SPIR-E Text and Graphics 118
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Primary Comnad GEMSTCNE chapter Page

ENHNCE Maths Operations 51
ERASE STORE Copy an Image 21
EXECUTE Arithmetio 133

FILTER IMAGE Linear Filters 93
FORWARD TRANSFORM Fourier Transforms 171

GREY SCALE Text and Graphics 120

HISTOGRAM Contrast Stretch, Histograms, Intensities 33

INT HUE SAT TO RGB Special 152

LINEAR STRETC Text and Graphics 122
LINE FIX Maths Operations 62

MAM= Fourier Transforms 180
MiIYMaths Operations 73
MAGNIT PHASE Fourier Transforms 176
MANUAL Contrast Stretch, Histograms, Intensities 29

MANUAL SLICE Density Slice, Measure Areas 39
MEDIAN SMOOTH Maths Operations 58
MULT Arithmetio 128
MULTIPLY TANSFaZMS Fourier Transforms 174

NEGATE STRETCH Contrast Stretch, Histograms, Intensities 30
NORMAL L Density Slice, Measure Areas 42

OUTPUT PIAE Text and Graphics il1
OVLAY HISTOGRAM Contrast Stretch, Histograms, Intensities 34
OVERLAY 4 P - CUNT Density Slice, Measure Areas 42
OVERLAY 4 PR=ICIPAL CPNETS Maths Operations 72
OVELAY 4 SCATTER DAnAM Maths Operations 72

PAlT Text and Graphics 116
P7=, COL= Text and Graphics 112
P7L COUNT Density Slice, Measure Areas 42
P7=rL VALUE Contrast Stretch, Histograms, Intensities 32
P =. VALe Text and Gxanhics 111

PLANE FLICK Special 141
PLANE SE) TC Special 141
POLYGON FL Text and Graphics 117
PRINCIPAL CMPC TS Maths Operations 66
FR.INT PRCGZ.AM Arithmetio 133
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Primary Comajnd GEST= chapter Page

RFAD IMAGE Linear Filters 94
REOVE WEGE Copy an Image 21
ESTRE Cassifiers, Copy Bit Plane 109

RESTORE FILTER Linear Filters 93
RESTRE PRCGRAM Arithmetio 134

ESTRE SLICE Density Slice, Measure Areas 4-0

RESTORE SREH Classifiers, Copy Bit Plane 109
RESTOE ST Contrast Stretch, Histograms, Intensities 31
PYSTPE STREICH Text and Graphics 125
RG T INT HU SAT SpeciAl 144

Special 143

SAVE Classifiers, Copy Bit Plane 108
SAVE FILTER Linear Filters 93
SAVE PRCGRAM Aritbhetio 134
SAVE SLICE Density Slice, Measure Areas 39
SAVE STRETCH Contrast Stretch, Histograms, Intensities 31
SAVE STRETC Text and Graphics 125

SCATTER DIAGRAM Maths Operations 65
SED FILL Text and Graphics 117
SHIFT AND ROTATE Linear Filters 93
&1CTS Maths Operations 47

S PAIR Special 152
STRET'C FOR PEASE Fourier Transforms 177
SIUB Arithmetio 127
SYMMETRY Linear Filters 92

TRANSECT GRAPH Contrast Stretch, Histograms, Intensities 33

WRITE lMAGE Linear Filters 94
WRITE XT Text and Graphics 113



C-eneral Ind4

in this index, keywords which are likely to arise in connection with, ie
processing operations, are given on the left band side. Qualifiers, ccmmen=s,
and suggestions are given in the middle, and the relevant page numbers on the
right. A chapter in tbi handbok and in GERSTCNE is written with quotes (eg
'Arithmetic') and a primary command is written in capitals as well (eg 'AD').
To save space in this Index, the names of the following chapters have been
truncated as follows:

'copy' - 'Copy an Zmage"
'Contrast' - 'Contrast Stretch, 7istograms, ntensities'
'Density' - 'Density Slice, Measu.re Areas'
'Ma.ths - 'Maths Operations'
/ Linear' - 'Linear Filters'
•Class' - 'Classlfiers, Copy Bit Plane"

- 'Text and Graphics'
'Arith/ - 'Arithmetic'
'Fourier' - 'Fourier Transforms'

Keyword Pages

2-Dimensional
histogram : 'SCATIER DIAGRAM' in 'Maths' e5

3-Dimensional
views of an image : '3-D FX' in 'Text' 124

example of '3-D F D' 87
or '3-D GENERAL' in 'Text' 124-125

Add
two images together : 'AD' in 'Arith' 127

or "plus" undler 'DE PRCRZA {' in 'Arith' 131
a Constant to an image : "plus" under 'DEFINE PR(CGRAM' in 'Arith' 131

or 'MANUAL' in 'Contrast' 29-30
or 'L!NEAR STRP.TC' in 'Text' 122-123

Ezamles of addition 134-139
Ezanple of the oreration of "plus" 129
a wedge to an image : 'AmD w"E ' in 'Copy' 21

or 'GE.EY SCALE' in 'Text'1

AllaSing 157-158

Alternate the display between two images : 'PLtANE FLICZ' in 'Special' 14I

Analysis of s-atial filter fre<raency responses 77-89

Angle of a Lne in an image
use 'TRANSECT GAP .H' in 'Contrast' to produce a rarallel 'Lze 33
or 'DISPLAY WAV-CTH' in 'Fourier' as an aid to filtering 174
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Animation:'COLOUR ROTATE' and 'LIEA STRETCH in 'Text' 122-123

or 'PLANE SEU 'CE" in 'Special' 141-142

Anotation
with text :"ITE T'W' in 'Text' 113-114
in general see 'Text and Graphics' chapter 110-125

Area
of a slice 'PI= COUNT' in 'Density' 42
of a slice in a pre-defined area : 'OVERLAY 4 PTET COUNT' in 'Density' 112
of a class : for bcx and discrete classifiers, area is given

immediately after classification iC6
for maximum likelihood, 'DISPLAY MAX LZK' in 'Class' 107-108

of a class in a previously classified image
: density slice image and use 'P17M. COUNT' in 'Density' 4_2

Arithmetic
Simple operations in 'Arith' : 'ADD', 'B', 'MULT', 'DIV' 127-128
More general functions in 'Arith' :

plus, minus, times, div, xpos, ypos, min, max, 131
and, or, xor. >0, sqrt, abs, chng sign, random, sin, cos, 132
abs2. arg, log, emp. int, frao 133

Automatic
contrast stretchm, theory 22-25

commands in 'Contrast' chapter 28-29

Average : see Mean

Bazdpass filter
by convolution, theory and examples 82-83,85
by Fourier transforms, theory 164

operation : 'DESIG FILTE' In 'Fourier' 178-179

Bandstop filter : see Bardpass filter

Bi.neax interpolation 73-74

ainary number : see Digital number

Bit 5

Bit Plane
description 6-7
to store / display classifications 40-41, 1C6-1G7
copy : 'COPY BIT PLANE' ia 'Class' 1C4_

Blow-up : see Magnify



Blurring
Removal of blurring in an image 169-170
To blur an image : SHCO0H' in 'Maths" 47-49

or smooth with the cmmands in 'Li.ear' 76-94-
Example of an image with motion bJurring 169

Box classifier

Theory 95
Example 100-101

Operation : using the command in 'Class' 103-1C6

Brightness : see Intensity

Button. Description of operation of buttons : see Control Panel chapter 10-13

Calculator. Use of 'Arithmetio' package as a Calculator 129

Change
store being displayed 4,12
colour of, image : by displaying stores in different colours 4,12

by the commands in 'Contrast' 22-34
by 'RGB M INT HUE SAT' etc in 'Special' 144-152

overlay plane 13
class in overlay plane (ie overlay plane colour) 13
density slices : 'MANUAL SLICE' in 'Density' 39

' CDOSE COaUR' in 'Density' 43
graphics : 'P=. COIOUR' in 'Text' 112

'CQtR PALETTE' in 'Text' 121-122
graphics, continuously 'COLUR ROTATE' in 'Text' 123

position of, cursor with the rolIng ball or buttons 11,12
rectangles, objects, eto, with rolling hall only 12
one image relative to another : 'PLANE FLICK'

in 'Special' 141
image on the screen by panning 11
image in a store by reselecting area : 'DEF'INE EX'RACT'

in 'Copy' 20
image in a store by copying from another : see Copy
image by an integer or fractional number of pixels

: see Shift
sign of an image : see Negative
pixel values, in a small area of an image : 'READ DZ' and 'WRITE

lMAGE' in 'Linear' 94
'PArNT' etc in 'Text' 116

generally, by storing through the WITs : see Copy

Charts : see 'Text' chapter 110-125

=,G button on the control panel 12

Choose
image see 'Choose an Image' chapter 16-17
colour see Change
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classification
by density slicing 37
General theory of box, discrete and ma im Ikel ihocd classifiers 95-101
Comparison of classifier performances 100-101
Operation of classifier commands 103-!C8

(Summary of method under 'CLASS=FY' in 'Class') 1C5
Manual olassifier under 'CLASSIFY' in 'Class' 105-106

Display of classifiaions : ' REST SLICE' in 'Density, 40-41
'DISPLAY MAX LIX' in 'Class' (note 107-1C8
storage method for redisplay later)

Holding a classification in a store 106
Area of a class : see Area
Saving/restoring classification parameters : 'SAVE' and. '?ESTOE

in ' CaIss' 108-1C9

Clusters 65

Colour
Formation of a colour picture on the TV screen 4
Change colour : see Change
triangle 145
of density slices 40-41,43,107
of classes in a maximum likelihood classification 107
of the colour palette 121
Manipulation of colour using 'RGB TO IT HUE SAT' in 'Special' 144-152

Commands. Primary and secondary commands 8-9

Compass gradient filter 90

Complex image
storage format 7
Use in Fourier transforms 154-170
multipJlication : 'MULTIPLY T-ANSFCR'.S' in 'Fourier' 174-175
mu.tiplication by complex conjugate : 'CORR2ATE TANSM 'O.S'

in 'Fourier' 175
division : 'DIV= TANSFCRMS" in 'Fourier' 175
conversion, real/imaginary to amplitude/phase

'MA&TZ= PHASE' in 'Fourier' 1.76-177
"abs2" and "arg" under 'DPE PR(CA' in 'Arith' 133

amplitude/phase to real/imaginary :
"sin" and "cos" under 'DFINE FPCG.AM' in 'Arith' 132

(see notes in "arg" under 'D=F=B PRCG A') 133

Comter 4,5

Contrast stretch
Theory, examples and commands : in 'Contrast' chapter 22-30
: 'LMIEAR STR=' in 'Text' 122-123
Different stretches applied to different parts of one image

'COPY AREA' In 'Text' 114-115
Savin g/restoring stretches : see SAVE... and RESTCPE...

in the index of prizary comards 186

Control panel 10-13



:9:

Convolution
Theory 44-45,76-90
Operation usixg the comds in 'Maths' chapter 4-6-57
Operation using the comands in 'Lirar' chapter 91-94
Theory using Fourier transforms 169-170

Co-ordinates : see Change position
of a pixe. 'PT, T. VALUE' in 'Contrast' 32
of boxes eto, axe generally given at the bottom right of the TV

screen, and are sometimes repeated on the computer terminal
A co-ordinate grid can be overlaid using 'MAW GRID' in 'Special' 143

Copy
an image from the host computer into GEMS

: 'COPY fMAGE TO S= ' in 'Copy' 19
an extract from an image in the host computer, into =S

'DE-NE E3=RACT' and ' COPY IMAGE TO STCRE' in 'Copy' 19-20
an image from one store to another. There axe several ways of doing

this and the comands have optional facilities which are most
useful within their respective chapters. Most of these commands
are listed in the following table, where,

W - can copy the whole screen
Q - can copy a quadrant specifically
R - can copy a rectangular area (which could be a quadrant)
I - can copy an irregular area

- can make multiple copies directly
A - can magnify or reduce in the copy process
C - can copy with a contrast stretch
V can invert left to right or top to bottom
0 - can rotate in fixed steps of 90 degrees
P - can rotate generally
S - can shift or reflect in the copy process
L - can deal with 1024 pixel square images

'COPY SCRE TO STCRE' in 'Copy' W Q C 21
'COPY BIT PLANE' in 'Class' W C 104
'COPY AREA' in 'Text' W R I X C L 114-115
"COPY" in 'Special' W Q V 0 L 142-143
'ROTATE' in 'Special' W R P L 143
' in 'Mat hs' W R A V 73-75
'MAPIY' in 'Fourier' W R A 180
'ADJUST TRANSFCP-X' in 'Fourier' W Q S 173-174
'S OI '& in 'Maths' W R 47
IFfLT. T-AE' in ' Linear ' W R 93
r EFIN E OG.A

and "KC0TE' in 'Arith' W Q M C 128-133

a part of an irage to the same store, after moving tie part image
continuously : 'COPY AREA' in 'Text' using "Copy Sprite" 114-115

or "Move Sprite" (erases original) 114-115
from an overlay plane or a bit pL9.ne of one store to another

bit plane 'COPY BIT PLANE' in 'Class' IC4
or 'COPY AREA' in 'Text' (limited) 114-115



Covaxiazice
matrix 0

matix used in the m~m- =m Ltkeihcod clzzsifieZ 96

Correcting typing error's on a VLU2

Correlation 67 -e6
of one image with another, by eye :'PT.ANE =IX' in 'Special' 141

matrix 67
by Fourier transform method 170
Pzesezrving uncorrelated data for the human eye, using THS 14-4-15!

using stereo 152-153

Count :see Area
or 'YSCM,1A,' in 'Contrast' -3
or "TRANs5cr GLAH' in 'Contrast'3

Cur'sor 3,8,9,11,12
Freezing cursor movement in one directionl 13

Defective, mIel or =all group of pixels reraix using
'PA-ENT/ in 'Text'16
or 'READ fl ZE' and LvRE AM' in 'Linear' 9

L-Lne :rerair using 'L2IE FIX' in 'Maths' e2

'ea o~n 76

___sI-17 s' 4oe :see 'Eemnsity' chapte 764

zestr .re '~'P'In 'Maths, 54-57
or see 'Linear' chaztez 85
or see 'Furler' chanter I164

~~ see 'Tx'char ter

I__fferennt c 4n of an image
'= -I~?~~ - 'Maths~' Usi 'g 'rexove I1"~ 1~

or ccrz,,.s In 'Lneazr' charter 9 ~
or cczds , in'orer r~ter 171-17;4

ofc LLiI a I~ 'I~ 'ZA;ZE n 'CctrF' I='cz- , '2
of ~ ~ o _iel _n& i e. 1=B~ JA'In '-"L-a- 2

of a '2 1.e f~L ~ z~z-u ~ i Ln-.
Ye'd- a u-1 ard StPfl 2 devitl z: C f a Cu-O C

__-~~~~~ 3_a:e-~ - 3 24

4 :M i Czrs 7~~-



Digital terrain mcdel (EC) 153

Directional filtering
by convolution
by Fourier transform method 63-ie67

Discrete classifier
Theory 95-%6
Eamuple IC0-1O
Operation 103-1C6

Discrete Fourier transform (DFT) 155-160

Displacement
Measurement of displacement of, a point 'P=,E VA=LE' in 'Contrast, 32

an imag : ' P ANE FLICK' in 'Special" -,_

Display
a sture on the TV screen 4,12
an overlay plane on the TV screen 5,11
a bit plane : 'DISPLAY BIT PL.ANE' in 'Class' IC6-1C7

or "RES' E SLICE' in 'Density' 40-41
a classification : 'DISPLAY MAX LIE' in 'Class' 107-1C8

or 'RESTORE SLICE' in 'Density' 40-41
two images alternately : 'PlANE (LICX' in 'Special' 141
a sequence of images 'PLANE SE(DMTYCE' in 'Special' 141-112
uncorrelated images ':"B TO r HUE SAT' in 'Special' 151

or 'ST= PAM' in 'Special' 52-ig
images of different resolutions : 'RGB TO r HUE SAT' in Srecial' 151

Distance
between two pcints : 'TANSEfr= GRAPH' in 'Contrast' 3 3

or 'P =-- VALUE' in 'Contrast' for cc-ordiates 32

Dide

one image by another , 'Dl'' in 'Azith' 123
"div" und.er 'EE2E PPCA '' in "Arlth' !31.

one image by a constant : "div" under 'GE X4-NM' in 'Arith' 131
one ccm-lez image by another : 'DIVIZE SFCS' in 'Fcuxier' .75

straight ie seents =A',? LTE-S' in 'Text' 1163
or 'MAW SP.-ICE' in 'Text' i!a-12C

ccntizucus Line : 'P.A=' in ' Text' -6
area 'p , 'A7=L' 'SPC" F ' in.. 'Te=' :2.3-117
s-rrte (or mcveabie cbject) : 'Z .AW S-PTE' in 'Text.' 1 -120
several s-r-tes with Lneg ' Late.-rpcatlcn : 'AW Sr--.-E' in 'Text' 115-1C
a grid c;erlay R' .AW C " in ' S-ecil' 14:3

2-.r-tcae : see C=zy
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Edge ~r---- - 15detection : "- ANCM NT i 'ths'I using " remove !cw' 51-53
see 'Limear' chapter 76-94
see 'Fourier' chapter 154-180

enhanncement : 'E= MMANCMT' in 'Maths' using "increase hbgh' 51-52
see 'Linear' chapter 76-94
see 'Fourier' cbarter 154-180

Exaple of edge detection * filter H 78
edge enhancement : filter I 78

Eigenvalue, eigenvector, eigenvector transformation 66-67

7baqncement : an imprecise term with many meax.Ings.
See Contrast stretch, Dersity slice, Colour, Edge enhancement,

Smooth, Noise, Destripe, Filter, etc

Enlarge : see Magnify

Equidensity contrast stretch : 'AUTO EqUALIS' in 'Contrast' 28-29

Erase
a whole image (W) or a quadrant (Q) of an image

'EASE STCRE' in 'Copy' (W) and (Q) 21
or 'CEAR PLANE' in 'Text' (W) ill
or 'COFY BIT PLANE' in 'CAss' using "zeroes" () 104
or 'U= PICGRAM' in 'Arith' (W) and (Q) 128-13Z
or 'T-ZITER lMAZ' in 'Linear' with a null filter () and (Q) 93

" regular or irregular part of an image : 'PAINT' in 'Text' 116
a single bit plane

'COPY BIT PLANE' in 'Class' using "zeroes" 104
or 'CLEAR PLANE' in 'Text' (overlay plane 4 only) 111

text in an image : as for erasing an image
text on the VLU 113

Eve
Grey scale resolution 22
Colcur ser-siti vity 144

Ext~ract
from an image : 'r E=-7-' in 'Copy' 20

a.Lse colcu cc-=csLte 4

:n rt -- Frea.
'PA2T' , ' R.EA 1;=' , '.7LYC=l FIML', r F=L i- Text' 116-117



Filter
Theory of filtering, by convolution 44-45,76-9C

by Fourier transforrms 154-17C
Smoothing filter : 'SMO in 'Maths' 47-48
Edge detection filter : 'EE IA2-T' in 'Maths' ("remove lcw") 5!-53
Edge enhancement 'EDG ANE E . ' in 'Xaths' ("increase high") 51-52
Median filter : '=IAX CMOOTE' in 'Maths' 58-6i
for line striping : 'DIESTPE' in 'Maths' 54-57
for defective lines : 'LINE FIX' in 'Maths' 62
General user defined filters : see 'Linear' chapter 76--
Examples : 1-D filters, low/high pass, high boost, bandpass, bandstop 78-83

2-D filters, dixrectional/omnidiretioa.l smoothing 89
diroection/l cI tiora.l edge enhazoement 89-90
compass gritent 90
line detector 90
sbt ing 90
region growing/shrinkin 90

Analysis of frequency responses of filters 77-89
by Fourier transform method 154-180
Inverse filtering 169-170

Flick from one image to another : 'PLANE FLI ' in 'Special' 141

Floating point format and image stores for holding floating point images 7

Fourier transform
Theory including FFT and MT 154-170
Examples 156-170
Operation 173-18C

Frame store : see Image store description

Frequency resposres of filters 77-89

Caz-=a of fils, correction of ncn-Lirearities 170

Gaussian distril-ution
Contrast stretch for a Gaussian distribution

'AUTO GAUSSIAN' in 'Contrast' 29
assu==tIcn in maznum lk and classifier 96-9-,

C-ES and =-SC N on gani-sation 4-c

Graubh
: see 'Text' chaner 110-125

or 'ISTOCGALf' in 'Ccntrast' 33-
or 'TA2SECT GRAPH' in 'Contra"t' 33
or 'SCAI-q DLAGP. .A' in '-aths' for 2-D ehstogr--s 65

of frecu-e=cy res-cnses of filters 1-D 78-£3
2-D

see 'Arlth' c-b.a-ter to generate f'zcticns for g razhs. 126- 1Z
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Graxhics : see 'Text' chapter 110-125
Animated graphics : see Anization

Grey scale : 'AM WEDM' in 'Copy'. Note that the image can replace the 21
wedge by using ' PEVE W=' in 'Copy' 21

or '= SCALE' in 'Text' (image displaced by wedge is lost) 120

Grid 'rRAW GRID' in 'Special' 143

Help 9

High boost filter 78-79

High pass filter 78-79

Histogram
Description 22
for a rectangular area in an image : 'IST A' in 'Contrast' 33

Ezamples 25
for a non-rectangular area : 'OVERLAY 4 HISTOGRAM' in 'Contrast'
2-D histogram : 'SCAT DIAGAM' i~n 'Iths' 65

Host ccmputer 4-5

Hotellin transformation 66

Hue : see Colour
: TO ThT HUE SAT' in 'Special' 144-151

ii. ie 8 bit integer format 5-6,17
12, ie 16 bit Integer format 7,17

lxage
Structure of a digital image 4
Saxplng 'used to form a digital ixage 76
The G ETNE cczand Lv.AZ, (at the bottom of each chapter page) 9

Lrage restoration by inverse filtering IE9-i70

:.age store description 4-7

zaginary i-age : see Cclex image

in--t button 10,12
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Intensity
of a pizel : 7'P M VALUE' in 'Contrast' 32
of a small area of pizels : 'MAD LAE' in 'Linear' 9_
along a line of pizels : ' MANSECT GRAPH' in 'Contrast' 33
of an area, ie mean, median and stard deviation

'HISTC M' in 'Contrast' 33-34
"OVEpIAY 4 HISTCAM' in 'Contrast' for irreglar areas

of a pimel set to be same as its position along the z-axis
: 'IDFINE PRCGRAM' in 'Arith' using "xpos" 131
: sRmyiJay for the y-a-zs, use "ypos" 131

hue and saturation : 'RM TO INT BUE SAT' in 'Spec2a' 144-151

interpolation
Nearest neighbour 73,75,143
linar 73-75

Sinz/x 94,180

Inverse filtering Using Fourier transforms 169-170

Invert
an image : see Copy
a pizel (ie intensity) : see Negative

Kaxhunen-Loeve transformation 6

Laplacian filter 86-87

Least significant bit (LSB) 6

r.1 1 i h cod 936

Limit the range of intensity within an image
"D=F-E FRPCC-2AM' in 'Arith' using "min" and "max" or "arnd" 13

Line drawing see Draw

Line defects see Defective

stretch 22-30, 122-.23
filter 76-94
intemrolation 73-75

Lccatlon : see Co-cr-±intes

zglcal functions : i=r =1PE.--DCE FICLM' in 'Arith' 132
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Lock-up table (LUT)
description 4,22
use in, contrast stretch ccmmands 22-31

density slice commands 37-43
'COLOUR PALETITE', 'LMEAR STZ', in 'Text' 121-123
'PT= COLOU' in 'Text' 112
'DISPLAY MAX LIK' in 'Class' 107-108
'STRETCH FOR PHASE' in 'Fourier' 177

Rotation of LUT : 'COLOUR ROTATE' in 'Text' 123
see Copy for copying an image through a LtT
Saving the contents of a LUT : 'SAVE SLICE' in 'Density' 39

'SAVE S'RET' in 'Contrast' 31
'SAVE STRETCH' in 'Text' 125

Restoring a previously saved LUT : 'RESTORE SLICE in 'Density' 40
'RESTOE STR.ET'C in 'Contras-t' 31
'RESTME STRETCH' in 'Class' 109
'RESTORE STRETC' in 'Text' 125

Comparison of data before a. LUT and after : 'STaM' in 'Contrast' 33-34

Low pass filter 78-79

LSB (Least significant bit) 6

LUT : see Look-up table

Magnify
by sampling an image in the host computer at smaller intervals,

down to evez- pixel, using 'DEFE EXTRACT' in 'Copy' 20
by zocming (ie pixel replication on the screen) 11
by zooming with different factors in the z and y directions 13
by resampling : 'MA Y' in 'Maths' 71-75
by Fourier transform method : 'M F"Y' in 'Fourier' 180

MazualI
contrast stretch : 'MANUAL' in 'Contrast' 29-30
classifier 103, 105-ICE

Mask
'P.A-T', 'DRAW L ES', '.CLYUON FLL', 'A-REA FML', 'SZ F=L',

'RAW SFRiTE', '-OPY AREA' in 'Text' can be used to draw masks 114-12C
D'ESIM FILT' in 'Fourier' can draw masks havig edges with

smooth changes in intensity 78-IT9
Use of masks to limit areas for processing

'OVERLAY 4 BISTCMAM' in 'Contrast' 34
'OVERLAY 4 P =-- COUNT' in 'Density' 42
'OVERLAY 4 FRINCIPAL CCMOaZN S' in 'Maths' 72
'OVERLAY 4 SCATTER DIAGLAM' in 'Maths' 72
multiply corinands in 'Arith' 127-139

out bits in a binary number : "and" under '=-1E PtlXF-X' iL 'Arlth' 132



Matrix
Correlation matrix 67
Covariance matriz 66

Mazimum Li kelihood classifier
Theory 6-!01
Example !C-io!
Operation 103-IC8

Mean
intensity of an area : 'HISTCGRAM' in 'Contrast' (rectangular area) 33-34

Examples 25
'OVERAY 4 ISTOAM' in 'Contrast'

(non-rectamnular areas) 34
under 'CLASSIFY' in 'Class' 105-106

intensity in Fourier transform space 179
used in the maximum J.1IkelibcOd classifier 6-98
used in principal components analysis 66,71

Measure
intensity : see Intensity
area. : see Area
position: see Co-ordinates
distance : see Distance

Median
Definition 24
intensity of an area 'HISTCGAM in 'Contrast' (rectangular area) 33-3-4

Examples 25
'OVELAY 4 HISTOAM' i4 'Contrast'

(non-rectangular area)
Manipulation of the median intensity

'AUTO 2 LINEAR' in 'Contrast' 28
'MANUAL' in 'Contrast' using -2 part linear" 29-30

smoothing of an image : 'IMIAN &v-C=H' in 'Maths' 58-61

Mer off button 12

Merge
images from different scuzoes/wavelengths

'RB TO -NT HUE SAT' in 'Special' 144-151
'STEREO PAI' in 'Special' 152-153

an image into the background by gradIg the edges 179

.X= : see Merge
see Colour

Mode 11-13

Mcst significant bit 6

Motion bluzrirg : see Bluzring

, J- .., - - -- " " 'I !" Awli
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cursor, by the rollin ball 8,12

by buttons 11
an image : see Copy, Shift and Sprite
one image continuously relative to another : P'ANE FLICZ' in 'Special' 141
a sprite : 'COPY AREA' in 'Text, 114-115

'DRAW SPRITE' in 'Text' 118-120

Movie sqquence : see Animation

MSB : see Most significant bit

Multiply
one image by another : 'MLT' in 'Arith' 128

"times" under 'EF=NE PROGRAM' in 'Arith' 128-133
one image by a constant

: "times" under 'DEFINE PPCGRAM' in 'Arith' 128-133
by contrast stretch - example 22

one complex image by another
:MULTIPLY TRNFMS' in 'Fourier' 174-175

one complex image by the complex conjugate of another
: 'CCRRELATE TRANSFUUI ' in 'Fourier' 175

Nearest neighbour interpolation 73,75,143

Negative of an image
: 'NEGATE STRET' in 'Contrast' 30
in a store : Copy through a LUT : see Copy

Example 'COPY AREA' in 'Text, 114-115
using "zor" command under 'DEF P.RCAM' in 'Arith' 132

Noise removal from an image
by linear filterig 48-49
by a median filter 58-61
by Fourier transform method 164
See also Destripe and Defective

Non-linear
contrast stretch

description 23-24
: 'AUTO GAUSSIAN', 'AUTO EUALISZ', 'MA-NUAL' in 'Contras' 28-30
using a piecewlse itnear funoCt4on 'L2IEAP. STR=I' i_ 'Text' 122-123

filtering
: 'IEDIAN S NCOI' in 'Maths' 58-61
See example 4 using arthzetio functions 138-139

Number : see Digital number

'Nyqust sampling frequezcy 76-77
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Object : see 'ERAW SP.ITE' in 'Text' 18-110

Output store or output plane. The store which will collect the output
image as a result of some operation. T-e input for the operation
is held in the input or source store.

Overlay plane 5,7,11
man ing the colour of an overlay 13

Ovly button II

Palette : 'CCDZR PALEITE' in 'Text' 121-122

Panning over an image 11

Parallelepiped classifier : see Box classifier

patch
used for linear filtering 44-45
To patch an image : see Defective

Pi, the number 3.14159.... 13C

Picture : see Image

Pieoewise linear
contrast stretch

'AUTO 2 X."EAR' in 'Contrast' (two pieces) 28
'MANUAL' in 'Contrast' (two pieces) 29-30
'Ln:EA STP- 21 ' In 'Text' (many pieces) 122-123

SIne drawing
'MAW L=TES' in 'Text' 116
'ERAf SPRITE' in 'Text' 118-120

Pixel
definition 4
storage 5-7
intensity or value : see Intensity
count : see Area
position or co-ordinates : see Cc-ordinates
colour : see Colcur
To chan e pixel colcur, inte sity : see -.age cclour

Plane
: see Bit plane
: see Overlay plane

Plus : see Add

Polar co-ord nates
: "abs2" and "arg" under '==zVE -P7CtM-' in 'Arth' i33

p,, , - m ra n mm ,,m ~ mum nmm .. m~m nn , [ ......
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Position : see Co-ordinates, Change position
of one image relative to another : 'PIANE FLIC' in 'Special'

Power. To raise an image or number to a power
: "exp" under 'D==D-E PRCGRAM' in 'Arith' 133

Primary cc=azd 8-9

Principal components
heory 66-72

using statistics from a rectangular area
'PPICI=AL (XOMPMhENTS' in 'Haths' 66-72

using statistics from an irregular area:
SOVEPIAY 4 PPnICIPAL CO TS' in 'Maths 72

display : 'RGB TO MNT = SAT' in 'Special' 5

Print
a pixel : see Digital number
details about an area : see Area
position or co-ordinates : see Co-ordinates
eigenvalues or eigenvectors see Principal components
te t : 'WRITE T " in 'Text' 113-114

Pronhh lity density function 96

quit button 12

Ramndcm number generator 132

Reconstruction of an image 169-170

.Reduoe
size of an iage : 'MAM=Y' in 'Maths' 73-75
intensity of an image : see Contrast stretch
area for processing : see all ccrmands of the form 'OVE.LAY 4 ... ' 185

in the command index
see 'COPY LMAGE TO S ' in 'Copy' 19

aoise in an image : see Noise

Reject level : 'DISPLAY MAX LIM' in 'Class' 1C7-!C8

Rejection number : 'LlE FIX' in 'Maths' 62

Region growing/shrinking 90
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Remove
cursor 12
wedge : 'REMVE WEE' in 'Copy' 21
bad pixel./group of piXels/1.ne : see Defective
stretch : see 'RESTCR SZE ' in Conamrd 4nd and use the

unone" secondary commamd 156
slice : see 'SRESRE SLIC' or 'RESTORME S ' in ccrmand index

and use the "none" secondary command8
overlay from screen 11
a whole or part of an image : see Erase
text see Erase
noise -om an image : see Noise
stripes from an image : see Destripe

Replace a bad pixel/group of pixels/ine : see Defective

Resample : see Interpolation

Resolution. Display of images with different resolutions
: 'RGB TO INT HUE SAT' in 'Special' 144-151

Return 9

RGB ie red green blue. Discussion 144-151

Rotate
LUT : 'CO= ROTATE' in 'Text' 123
image in steps of 90 degrees , 'COPY' in 'Special' 142-143
image generally : 'ROTATE' in 'Special' 143

Rub-out see Erase

Sampling see Interpolation
Integer sampling of an irage in the host conputer

: 'coPY LtiE TO STlE' and '=--= = TRACT in 'Copy' 19-20

Saturation : 'RGB TO INT HUE SAT' in 'Special' 14-151

Scatter diagram or plot
'SCATI' DIZAL'f' in 'Maths' (rectaagala area) 65

'OVERLAY 4 SCATT DLMiK' in 'Yaths' (iregalar areas) 72

Ezamples 8

Scene : see Image

Secondary command 8-9

Select : see Qocse
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Sequence
Display a sequence of images : 'PLANE SEQUENL' in 'Special' 141-142
Display a sequence of two images : 'PLANE FLICS' In 'Special' 141
Display a sequence of moving images : see Animtion

Sharpening of images : see Edge enhancement

ShiftMeasure the shift required to make one image overlay another
: 'PLANE FLICK' in 'Special' 141

an image by an integer number of pixels
: 'EFINE E=RALT' and 'COPY IMAGE TO STORE' in 'Copy' 19-20
: see Copy

an image by a fractional number of pixels
I '=FlE FITR' in 'Linear' to create a filter with a single

non-zero weight 92
'SHIFT AND ROTATE' in 'Linear' to move this single weight

by a fraction of a pixel 93-94
'FILTER LLAM' in 'Linear' to move the image 93

seo Move and Sprite

Sino ie sinx/x
Interpolation 94, 180
image 137-138,153

Slice see 'Density' chapter 36-3

Smooth
:' o" inu "Maths" T--47
'MDIN6 M=C ' in 'Maths' 58-61
see "Linear' chapter 76-94
see 'Fourier' chapter 154-180

Source store or input store. The store containing the image to be processed.
The results from the process are collected in the output store.

Spatial
filter : see Filter
frequency 47,51,76-89

Sprite
: 'rRAW SPRITE' in 'Text' 118-120
To move or copy, 1lk a sprite, a smal 1 piece of an image

'COPY AREA' in 'Text' 115

Square root of a number or an image 132

Standard deviation
of intensity 'KSTCCAM' in 'CCntrast' (rectanguiar area) 33-34

Examples 25
'0VERIAY 4 HISTOXXAR2M' in 'Contrast' (irregular area) 14

used in the mA.-mu=m Ltkelhood Classifier 96-08
used in principal ccmponents azatysLs 66,71

Status 9,19
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Step wedge : see Grey scale

Stereo. Production of stereo images 'STIR PAM, in 'Szecial' 152-153

Stop 9

Store : see Image store
To store an image : see Copy

Stretch See Contrast stretch

Striping see Destripe

Subtract
one image from another : 'SUB' in ' Arith' 127

or "minus" under 'DUE P "RCGA2' in Arith' 131
a constant from an image "minus" under '=MFL MCAM" in 'Arith' 131

or 'MANUAL' in 'Contrast' 29-30
or 'LfEAR STR1I ' in 'Text' 122-123

Examples of subtraction 134-179

Television 4

Template : see Yask

Text : 'WPTE T ' in 'Text' 113-114

Thermal izages mixed with others
'RGB TO =NT HUE SAT' in 'Special' 144 -15
or 'ST=O PAIR' in 'Srecial' 152-153

Times see Multiply

TraInIn area for use by the classifiers
Drawi g1defining training area ' TLE ZREA' In 'Class' IC3-IC4_
CoFyng trainmn area to a bit plaze 'COPY BIT PLANE' in 'Class' 104
Choosing which trainimg areas (already defined) are to be used in

the classification prcess : 'C SE TR AREA' in 'Class' lO5

Transect 'TR.ANSECI" CRAH' in 'Ccntrast' Z3

Ttn--sfer see Copor

Transfer function 25

Trans forration
matrix 67
Karhunen-Leve, Hotel.g, eigenvector,

or principal ccmpcnent trannsform-aIon 6-72
Fourier transformatian : see 'Fcuzler' chapter
'PG TO 2r E SAT' and 'f EUE SAT TO R(J'

transformatcns in 'StecaLj'
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Trigonometric functions : under 'D==E FRUL2M' in 'Arith' 132

Truncate intensity : see Limit

TV 4

Typing errors. Correction of tbem 113

Uncorrelated images : see Correlation

Unity transfer function 23

Value : see Intensity

VC7U 4
Virtual store 7

Wedge : see Grey scale

Weight used in filtering 44,76

Workizg store 7,17

Write
text in an image or overlay plane 'WRITE T' in 'Text' 113-114
graphics in an image or overlay plae : see 'Text' chapter 110-125
image data into an image : 'WRITE MAGE' in 'Linear' 94

Zoom : see Magnify
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